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APPENDIX A
Dike Evaporation System and Background Borings
Dike Borings

A series of borings were made through the depth of the dike to
confirm its construction and to characterize soils and waste
materials within it. Figure A-1 shows the location of these
borings. Tables A-1 and A-2 summarize the organic and inorganic
analytical results. Boring logs are in Attachment a.

Evaporation System Borings

Soil samples were collected from nineteen locations throughout
the evaporation system during December 1987 (Figure A-2).
Samples from locations EVAP-2 through 19 were collected using a
hand auger to a total depth of 1 foot. Location 1 was sampled
to a depth of six feet using hollow stem auger techniques. All
soils were analyzed for indicatos parameters. Sample
descriptions for locations EVAP-2 throuch 19 are found in Table
A-3: a borina loa for location EVAP-1 is in Attachment B.

Analytical results show no detectable indicator parameters in
the volatile and semi-volatile fractions. ®CBs (as Aroclor
1248) were detected at locations EVAP-3 ard EVAP-15 in
concentrations of 120 ug/kg and 110 vug/kg, respectively.
Indicator metals were found at low concentrations and in the
same range as the background samples. A summary of analytical
results is in Table A-4.

Backqround Borings

In order to determine background concentrations of organics and
metals, five background borings were sampled during December
1987 using hollow stem auger techniques. Boring locations are
shown in Figure A-3 with boring logs in Attachment A. Each
boring was completed to a depth of 10 feet, with soil samples
collected approximately every two feet. The shallowest sample
for each location was analyzed for the full suite of indicator
parameters determined in the Endangerment Assessment and agreed
to by EPA [benzene, 2-4 dimethylphenol, ethylbenzene,
naphthalene, PCBs (total as Aroclor 1016), phenol, tetrachloro-
ethylene, toluene, trichloroethylene, chromium, lead, nickel and
zinc]y. Samples from depths greater than Z feet were analyzed
tor :(ndlicatcr metals only.

Analytical results show that no indicator parameters were found
above detection limits for the volatile, semi-volatile, or PCB
fractions. Metals concentrations were low and similar between
each boring. Analytical data for metals are summarized in Table
A-5.

A-1
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TABLE A-3

SOIL BORING DESCRIPTIONS FOR SAMPLE LOCATIONS 2=-19,
EVAPORATION SYSTEM

SHERIDAN DISPOSAL SERVICES SITE

Boring Number(s) Description (0-1)

4,6,7,8,9,10,11, SILTY CLAY: Medium
12,13,14,16,17, brown, soft to stiff,
and 18 roots, rootlets, shells
and shell fragments,
some black natural
organics and coal-
like fragments, no
odor.

011071

SILTY CLAY: as above Dark brown with
Ylackisb areas,
slightv caemical
odor.

SILTY CLAY: Slight chemical
or sludge odor,
black streaks in
soil.

SILTY CLAY: as above Odor of sludge,
black steaks.




YABLE A-4

AMALYTICAL RESLLTS GF EVAPORATION SYSTEM BORINC3 FOR
TOTAL METALS (1IN MG/KG)

SHERIDAN DI $POSAL SERVICES SiTE

BoOring RMAL Cepth
Number (feetl) MicKe!

EVAP- 1A 55353-001
EVAP-18 653531-002
EVAP-1C 65353-003
EVAP-1D 65353-004
EVAP-2A 63353-017
EVAP-3A(L) 65353-016
EVAP- 4A 65353-012
EVAP-5A 65153-011
EVAP-6A 65353-01)
EVAP-TA 65353-0148
EVAP-8A 65333-010
EvAF-gA 653%3-010
EVAP - 10A 65353-021
EVAP-11a 65353-021
EVAP- 124 65353-005
EVAP - 134 65353-0G6
EVAP- 144 651353-G07
EVAP-15A(2) 65353-008
EVAP-16A 65353-00%
EVAP- 174 65353-019
EVAP -84 65353-014
EVAP- 194 6535)-315

Duplicaie 3 65350-028
{EVAPR-14)

Duplicate & 65353-011
(EVAP-154)

Dupticate s 65153-014
(EVAP-194)

MNOTES

() AlLS0 regurtag 120 UgsrKg S OArQLlor tzag {uercearon Himit of 80 ugrig}

Ced AN epui ted 0 uysay ol ATGCIGT 1.8 isaiseiton Limit 9 &g us/Kg).

RMAL Number i3 the nynber assignad to eaeh soif sample by Rocky mountain Labaratotes.
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TABLE Aa-5

ANALYTECAL RESULTS OF BACKGROUND BCRINGS FCR
TOTAL METALS [N MG/KG)

SHER IDAN DISPOSAL SERVICES SITE

Boring RMAL Depth

Number Number (feet) Chromium Lead Nickel Zing

BKG-1A 65350-001 1-1.5 16 13 19 40

BKC-18 65350-002 4.2-4.7 15 11 17 33

BXC-1C 65150-003 6-6.5 18 13 18 10

BxG-1D 65350-004 7-7.5 16 14 17 3

BKC-1E 65350-005 $.5-10 14 14 19 36

<J

BrC-2a 65350-006 0.5-1 14 12 16 37 M~
BxG-2B 65350-007 2.2-2.7 7 © 9 17 o
BKC-2 65350-008 4.5-5 8 7 i1 20 —
BKG-2D 65356-009 7-7.5 6 6 ] 14

BKG-2E 65350-010 9.5-10 3 ND 5 8 bl

o

o2 £E250 218 o.o1-0 9 11 11 14 33

Be 7122 GRICN-017 2 5-4 12 13 18 .6

BKG-3C 65350-018 4.5-4.8 15 13 18 42

B« C-1D 65350-019 7-7 4 15 13 17 19

BKC-1E 65350-020 9.6-9.9 13 13 17 o

BaC-4A £5350-021 0.5-1 7 6 10 21

BXC-4B 65350-022 3-3.5 12 11 18 36

BKGC-4C 65350-023 4.3-4.8 8 7 1 24

BKGC-4D 65350-024 7-7.3 14 12 18 42

BKG-4E 65350-025 9 2-9.5 13 11 21 7

BXGC-5A 65350-011 Q.5-1 5 b 8 17

BK(G-5B 65350-012 2.9-3.4 9 9 12 28

BXG~5C 65350-013 5-5.4 8 8 13 25

BKC-5D 65350-014 7-7.5 6 6 8 18

BxG-5E 65350-015 9-9.5 16 15 19 43
Dupiicate 1 63350-026 0.5-1 g 12 14 kR

(BXG-4A)
Duplicate 2 6£5350-027 2.5-3 18 16 26 52

(BKG-3B}
NOTE RMAL Number is the number assignea 1O €acil 5011 sdipie uy RICRY MOURTLID

Anaiyticai Laboratories,

A-10




ATTACHMENT A

Boring Logs for Dike Borings
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ERM-Southwest. inc.

DRILLING LOG

HELISTOM, TENAS
Praject _Oike Bornas Owner _Sherigon SKETCH MAP
lLocation _-empstega, TX w.0. NO. 091 ~-11
Boring,/ _ .
Weii Na. Ds-1 Gormg T.0. 25 . Boring Digm. 1.5 "
Surface Eevatian _ 176.29 Water Depth: [aitial 7== 24 Hrs, ===
Screen Dig.  ——— Length  —~—— Siot Size ===
Ccsing Cto. = Lgngth — T)pﬂ —— NUTES
Drilling Company Southwestern Labs Driling Method _ Hollow Stem Auger
Driller 8. Christopher Log By S. MacDonald Date Criiled 7/6/87
ut n
o | ElELaoed . | &g
el Fo 48 =0 §8 §§»’-‘ ESln DESCRIPTION/SOIL. CLASSIFICATION
ad d = = &
G | S| P& |dpEee. 3En | xE L (COLOR, TEXTURE, STRUCTURE)
e O z 1SBGS €8 fz% Rz &
< Z §8 = W=
(&) v & a
1 |
H i [:
— 0 T 0-25 0-8 CLAY: Reddish brown, plant roats and rootlsts, stitf to 6
- —] P ft, softer to 8 H., black organic material 6-8 ft
\ aaa
— '-'\ a & & &
a & &
— -— A & & A
A A &
— — a & & B
& & &
l— 5 - A A s
A& A D
— g A A s s
& b &
| — —— 4 & 4 A
— foatat 8-10 SLUDGE: Black, with looss sandy or claysy matrix, strong
|— - PRy odor.
& &
— 10 Npoas 10-19 | CLAY: Reddish brown, stiff, with shail fragments and
— Laass rootists to 16 ft,, becomas grayish black, much softar
f a2 from 16—19 ft
| & & & A
B A4 & a
|l 4 & &S
\I “a s
& & b A
[ h & 2 a
'9-23 SANGY CLAY: Ruadizh brown, vary sondy ond |gosa from
14=20.5 H., with shels and rootiety, stiffer, slightly
sandy from 20.3-23 ft.; very sandy. (oose and crumbily at
23-23 ft.; no dlscemible contamination or ader from 20-23
ft.
T.C.=25"

A~1l2

011076




ERM-Sodthwest. inc.

WOSTON. TEXas DRILLING LOG

SKETCH MAP

Project _ZWs Borings Owner _Sheridon

Location _“empstsqd, TX w.0. NO. g91-~11

Boring/
Well Nao. £s-2 Boring T.0. _24° = Baring Digm. 7.5 °

Surfoce Elevotion _177.9° Woter Depth: Initigt === 24 Hra, ===

e el

Screen Dig. _—=-- Length _ ——— Slot Slze _—==

Casing Cig. === Langth Twe __ ===

Drilling Company Scuthwestern Labs Driling Method _ Hallow Stem Auger

Drillar 8. Christopher Log By S. MacDonald Date Drited 7/7/87

CESCRIPTION /SGIL CLASS.FICATION
(COLOR, TEXTURE, STRUCTURE)

GRAPHIC

LOG
CURE S VE,
STRENGTH
SAMPLE
INTERVAL
(FEET)
INTERVAL

011077

CONSTRUC TION
{Biows par 6"}

SAMPLE TYPE
(tane/zq.0t.)
or
Penctration Test
DESCRIPTION

SANDY CLAY. Reddish brown, vary sondy, rootiets, black
arganic—iooking materiol, moist.

CLAYEY SAND: Graoyish, some odor.

SLUDGE: Black, with tres it {blus and green), some yailow
greass spots.

CLAY: Reddigh brown with biack stregks, odor.

SANDY CLAY: Reddish brown, very sanay, few orqanic spackies
and rootiets, becomas less cohiesiws rom 12-14 ft,
contains a snell hash layer from 14-16 X,

SUIGHTLY CLAYEY SAND: Reddish brawn, loose, dry.

SANDY CLAY: Brown to recdish brown, stiff,

SAND: Gruyish, loose, dry, slight odaer at 20 #., but no
discamible odor fram 22-24 ft,




ERM-Southwest, inc. SRILLING. Lo

HILSTON TEXAS
Praject _Cke Borngy Cwner Sheridan SKETCH MaP
Location _“smpsteqd, X V.0, NO, __S91-=11
Boring/
Well No. OM“@ mgﬁﬂ 71.0. 24 ° ma.:a Diam. 7.5 °
Surface Elevation _177.%° Woter Dapth: (nitigl === 24 Hre, ===
Screen Gia. - —.o:@ﬁ._ ———— Slot Size o
Cosing Dig. _——— Length [— Type — NAOTES
Driliing Company Soulhwestern Labs Driling Method _Haollow Stem Auger
Drillar 8. Chriatopher Log By S. MacDenaid Date Driled 7/7/87 o
~~
o | EltLz® . | 3. o
Eo =2 | o m EET 5% Wi~ | ¢ <~ DESCRIPTION /SOIL CLASSIFICATION -—
o | <9 | QE [Ypddes S | 25 U (COLOR. TEXTURE. STRUCTURE) -
G~ m e 1L mr g &3 Az o=
Z|3Ipwns sof vz vz~
o M. ~ n_...B a 0
— 0 ~ 0-24 0-3 VERY SANDY CLAY: Raddish brown, stiff ta loose. black
— AR N organic apeckles, rootiets.
" -4 CLAYEY SAND: Groy, moist, odor.
4--3 SLUDGE: Slack. free oil prasent In biye and green hues.
qiso yeliow grease spots
8-12 SANCY CLAY: Reddish brown, stif with some black staining
from B8-10 ft., becomas looss ana very sandy from 10-12 .
1218 VERY CLAYEY SAND: Reddish, very ioose.
_ 18-20 CLAY: Dadzigh brown, stiff,
20-24 SANC: Rad, siigntly clayey, domp, laoe.
TD.=24 "'
— 25 —
Page _1__ofF _1_
A-14




ERH-Southwest.mEnc.

O TExas DRILLING LOG

Praject Tk ingg Owner _Sheriden SKETCH MAP
Location _“empsteqd, TX w.0. NO. ___931-1
Bering/ . , .
well No. DS-4 Boring T.0. _24 Baring Diam, 7.8
Surface Eevation _175.7 Water Depth: Initial === 24 Hra. _—-=
Screen Cic. _=~- Leagth _ ——-— Slot Size ..o-=
Casing Cig. _—-= Length __ —=— Twpe === NOTES
Drilling Company Southwestern Ldbs Oriling Method _ Hollow Stem Auger
Driller B. Chwistopher Log By S. MacDonald Date Driled 7/7/87 o
3 ki o
Lud us
O T e ‘-]
= | To | . g £ 5% 58 23‘: g Z ~ CESCRIPTION/SOIL. CLASSIFICATION
i | =S ) QB [upEsst. S | EE5 (COLOR, TEXTURE. STRUCTURE) -
o> | x v L REE S3 =0 gk -
S z2|3P%8 T vz= | Gz
S |é ~ &4 ] o

-
-

CLAY: Reddish brown, stiff, with black organic studge
streoks throughout.

[
[}
/-“
o
"t
L
.
> .
[+
i
X
-
[=]
]
e

4-3 SLUDGE: Black with clayey to sandy clay malrix, few spots
of frae ol,
9-14 CLAY: Raddish brown, stiff, greasy texture with black

orgamic particiss from 12 — 14 ft,

14=18 SANDY CLAY: Gray to biack, ail draplets throughout.

18-24 SLIGHTLY CLAYEY SAND: Reddish brawn, siight odar from
16-18 ., ng odor from 20—24 ft. becames clayler at 23
ft.

TD.=24 °

PaGge ' oF 1 _

A-15




ERM-Southwest. inc.

MLISTOR, TEXAS DRILLING LOG

Project _ske Borings Owner  _Sheriden SKETCH MaP
Location _~empsteqa, TX V.0 NO__0%1-'t
Boring/
Weil Mo, DS=3 mg_ﬂ@ 1.0, 25 ° moﬁmbﬂ Diam. 7.5 "
Surface Elewation _177.4 Water Depth:  Imitiai =~— 24 Hrs. —-=
Scraen Dia. === Length  ~-— Slot Size _=T=
Cosing Dig. _w=x Leagth __ ~—— Type === NOTES
Oriling Company Southwestern Labs Driling Maethod  Holiow Stem Auger
Driler 8. Christonher Log By D. Weldernann Octe Orilted 7/t0/87 o
Fo | Zo g ¢ o & W E X CESCRIPTICN,/SOIL CLASSIFICATICN
ad | ¥ | d& TERL I e -
B8 1SS | 9E [ HRESE B | =8y (COLOR, TEXTURE, STRUCTURE)
0~ & W WT 5 % 3 o .M iy % -
z|3B5s i3] Az nzt
S jwn] * 59 a o
T T i -:,_ - -—
B 0-25 0-~5 SANDY CLAY: Medium brawn to red, roots from O~1 ft, black
L stainy from 1-3 ft., soft. maist: has a dry, stiff cloy
layer around J .
B 5=-10 SVOGE:  Silvery gray, goosy. with soms sand particles. HNU
| = 180-200 ppm.
-
— 10-11.% SILTY CLAY: Dark brown, some black staining.
L 11.5-19 CLAY: Reddish brown, dry, stiff, occaslonal slickensides
from 15-19 ft., few maetai pisces (from barrats?) within.
.
L
_.u 19-20 SANDY CLAY Mecim to dora brawr, maist to damp,
o 20-21 SLTY SANDY CLAY: Dark brown to hiack, dry, stiff.
[~ 1-23 SLIGHTLY SANDY CLAY: Raddigh brown, whitish staining
ﬁl within, dry, stiff.
- 2325 SAND: Licht regcaish, flnea—grained. dry, unconsoiidated.
— 25 TD.=25"

PAGE _ ' _OF _Y
A-1l6




ERM-Sodthwest. inc.

DRILLING LOG

WRISTON, TEXAS
Project e Bgrings Owner  _Sheridan SKETCH MAP
Location _tempsteqd, TX w.0. nNO. 89111
Boring/
Well No. 0S-6 Soring T.0. _24° Baoring Diam. __7.5_ 0
Surtace Elewction _177.4' Water Depth: Initial === 24 Hrs. ==~
Scraen Diq. === Length  ——-— Slot Slze _ ==
Casing Dia. —~—— Length __ === Tye __—~— NOTES
Drifling Company Southwastern Lgbs Driling Method _ Hallow Stem Auger
Oriller B. Christopher Log By 0. Weldemann Date Driled 7/10/57
ta b
e 2, | L2 Bk i e | B¢
Nm H% -+ 4 53 m..r.mw MWU M W o CESCRIPTION /SOIL CLASSIAICATION
L i X mm Ypnsss ) S ¥ oo (COLCR, TEXTURE, STRUCTURE)
o~ o © leB5EZ S TE0, o B
[&] m -1 ms 5 ©d Az -
4 s nﬂ - w =
o 0 ~ U Q
o
| — -
0-24 0-2 SLIGHTLY SANDY CLAY: Reddish brown, roots, few black
apeckies, dry.
2-31.5 SANDY FLTY CLAY: Reddish brawn, softer than above, somae
black staining, slight acar.
3.5-9 RUDGE: Bleck. soft, very sticky from 6-7 f., nccasionai
reddish clay througnaut, cdanferous.
a—11.5 SANDY CLAY: Medium brown, dry, stiff, becomes sofler with
depth, odor llke burmt piastic fram within, occasiongi
1and pockets, rootets, whitish—yslion staining or
eryatatizatisa,
11.5—-155 CLAY: Medlum brown, some biackish stalns, occaslonal
slickanuidaa.
15.5-17.5 SANDY CLAY: Reddish brown to dark brownish block, fand is
fine 1o medium grained, increcamg sand content with
aspth.
17.5-19 CLAYEY SAMD: Raddish brown to dark brown, dry, soft, very
dlight chemicol ade- threughout.
19-20 CLAY: Brawnigh rgd, slightty sandy. dry, st
0-25.3 CLAYEY SAND: Rad, zoft, uncongalidoted, fomae werticat
peres, soma araas of linegr whitish ataining,
23.5~24 CLAY: Brawnish red, siightiy sandy. dry. stiff.
TD.=24 "
PAGE _! oF
A=-17

0611081




ERM-Southwest. inc.

DRILLING LOG

HASTON TEXAS
Praect _Cke Boringy Owner heridon SKETCH Map
Location _Zempsteqe, TX v, KO 091 -11
Boring/
well No. os—7 Bering T.0. 20 ° Baring Digm. _ 1.5 7
Surface Eievation _179.2° Woter Depth: Initiol === 24 Hry., ~==
Screen Dig, _—-— tength  ~--- Slot Size T
Casing Dig. _—==— Lengtn —_—— Tye _ w—w NOTES
Crilling Company Southwestern Labs Oriling Mathod _Hollow Stem Augsr
Crilier 8. Christopher Loq By S. MacDonaid Cate Criled 7/8/87
w kR
== | = S | ~FPEEE ool wE~ EL CESCRIPTICN /SOIL CLASSIFICATION
e | &8 dE pey S8 d3c | T2€
S| SS ) BE | FhESE, ZEH | 24 (COLCR, TEXTURE. STRUCTURE)
o~ & . WI c oul Ao 15 e
ZE 2lownd ol ™ Uz~
o | X1 < 5@ 8-
[F4] a1
}
- Q-20 0-3 SLIGHTLY SANDY CLAY: Rsddich brown to brown, stiff to
- crumbiy at 0-1 f,, becorrey stiff with depth, atrong cdor,
rootiets,
T -4 VERY SANDY CLAY- HRaddish brown, no discernible ador.
— -7 CLAY: Brownish. oniy mightly sandy. rootiets, siignt odor
L — ond corganic strealang.
- 7-9 FLY ASH & SLUDGE: @lack, aodor, dppeqrance of lgwa.
B g9-14 SANDY CLAY: Brown, moist, no discernibie odor.
-~ 0
— 14-14 VERY CLAYEY SAMD: Reddish brown, na ader.
[ 16~20 VERY SANDY CLAY: Reddizh brown, no odor.
l—
Lo
- 1
4
L 20 TD.=20 "
— —

PAGE _! _oF 1_
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ERM-Southwest. inc.

e
- HESTON, TEXAS D_...NM_I_I_ZO _l(.C
Praject Y Horin Owner _Sheriggn SKETCH MAP
- Locatien _Mempsteqd, IX W.0. NO. Q9111
Boring/ . . .
Well No. 0S-4 Boring TD. _24° __ ____ Boaring Diam, 78"
- Surface Elevation _179.4 Water Depth: Initial _—=— 24 Hry. _——~
Screen Dia. _=-- Length _ ——— Slot Sige ===
- Cosing Dio. _—=— Length __ —— Type _ ==~ NOTES
Drilling Company Southwastarn Labs Driiling Method _ Hollow Stem Auger
- Driltar B. Christapher Log By S. MacOorald Dote Oriled 7/8/87
w w -
o | EltLes®l, . | 32
== | = O | FEES eyl w2 | BE~ CESCRIPTION /SOIL CLASSIFTCATION
Es N 729, 8 AW Lzt
b < m I Ui 538, MME & i o (COLCR, TEXTURE, STRUCTURE)
o~ m ¢ z w.nlnm <l &= a ™
3 Cnd 29| vz w ™
- [&] d o Cm Q
wn a
{8
3
- _ i
0-24 0-3 SANDY CLAY: Raddish brown, roctlets, same black organic
specikies,
3-8 CLAY: Brawn, with somae sand, very strong ammenig—iike odar,
black orgenic matarial throughout.
8-10 SLUDGE:  Black.
10-12 VERY CLAYEY SAND: Reddlsh brown, crumbly, drs.
12-14 CLAY: Brown with black arganic materiai througnout, wary
atiff.
1416 CLAYEY SAND: Reddish brown.
16—18 SANDY CLAY: Reddish brown, stiff.
18=20 SLIGHTLY CLAYEY SAND: Reddish brown, lcose, dry.
20~-253 CLAY: Reddigh hrown, stiH, rootllets
23.5=24 SUGHTLY CLAYE'® SAND: Raddish brown, very minor clay
campanant,
TD.= 24

A-19
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PAGE _'_oF _1_

011083




ERM-Sodthwest. inc.

DRILLING LOG

- HOLSTON, TEXAS
Project _Dlke Sorings Twner Sharidgn SKETCH MAP
- Location _dsmpasteqd, T« W.8. NO. 031 =11
Boring/ ) .
Well No. D5-9 Baring 1.0, _24 Baring Diem. 1.3 °
- Surface Levation _175.6 Water Depth: initigl ~== 24 Hrs, === |
Screen Cia. _——= Length _ -—— Slot Sizv .o
- Casing Dig. _—=- Length __ === Twe __-== NOTES
Oriking Company Scuthwestern Labs Oriling Method _Haliow Stem Ayger
- Driiler B. Christopher Log By D. Waldemonn Date Driled 7/10/87
W s
gc | Ze | 49 wmm 53 43e B DESCRIPTICN/SOIL CLASSIFICATICN
G | <O | ¢E |upisiss, wm& & 5w (COLCR, TEXTURE, STRUCTURE)
o o %] LESE: S| g E =
S Z|3IpnE ity vz= ] Az
- °lal T &Y a
_ | .
1
- 0-24 0-3 VERY SANDY CLAY: Reddish brown, soft to slighty stiff,
abundant roots. few black speckies.
- 3-9 SLUDGE: Black, very strong odor, doyey and dry from 3-6
ft.. vary most to saturated matrix from 6-5 1L, streaks
- of brawn =qii from 8—9 f,, few pieces of giass within,
- g9-10 CLAY: Reddish brown, rootlets, silckengides.
10-12 VERY SANDY CLAY: Reddish brown.
- 12-14 SLIGHTLY CLAYEY SAND: Reddish brawn, dry, HNU = § ppm,
- 14=14.5 SANDY CLAY: Reddish brown, few black arganic speciles,
- 16.5-14.7 SAND: R:ddish, fine—grained, dry. unconsolidoted.
18.7--19.5 CLAYEY 3.AND: Reddish, dry. _
18.9-21.5 SANDY CLAY: Reddish, dry, some varticas pores. raw wiulw
- apeckies.
21.5-2215 CLAYEY SAND: Reddish, dry.
22.5-24 SAND: Red, very fine—qrained. dry. unconsolldotad, KNU = O
ppm.
- TD.=%4 '
- A-20
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ATTACHMENT B

Boring Logs for Background and
Selected Evaporation System Borings

011085
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Proect
Laocat.on Hempstegd, TX
Gorrg/
Weil %Mo,

Surtace Elevation

Screen
Casting
Crilling

Orillgr

Company Southwestern Laobs

ERM-Southwest. inc.

DRILLING LC =

WRSTON TEXAS
Owner _Sharigan SKETCH MAP
w {. NC. Q9t—11
Boring T.0. _10 ' Boring Diam. 7 °
Water Depth: Initial === 24 Hry, ===
Length -~ Slot Size _===
tength __ ~=-— Tpe _ ——= NOTES
Oriling Method _Hollow Stem Auger
Log By D. Weldarnann Oate Orlled 12/28/87

DEPTH
{FEET)

gl

or
Penelration T

STRENGTH
{tane/sq.ft.)

SAMPLE

INTERVAL

(FEET)

DESCRIPTION

]
h

N e
-----------------
o1
[

- |

W o CESCRIPTION /SOIL CLASSIFICATION

5 (COLOR, TEXTURE. STRUCTURE)

z =

0=2 SILTY CLAY: Qark redgish brown: zoH ot top, becornaes
stiffer with depth: raotlety ot surfoce: corbonate noduies
at 2 n.

-4 NO RECOVERY

4-9 SANDY CLAY: Oark brown: dry. stiff: few rootiets: cbundant
cortionate modules; sand coatent decreaxes from 6.53°-7.5;
fewer carbonate nadulea with depth.

$~-10 CLAY: Reddish brown: trace of eQnd: gflickensided surtaces
(probobiy due 1o compaction during samping),
TD. =10

A-22
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ERM-Southwest. inc.

HLETON. TEXAS DRILLING LC3
Projec: _Background Agrings — Owner _Sheriden SKETCH MaAP
Locat-on MHempgtegd, TX V.0 NGO g3 =11
Boring/
Weil Na. BHG~2 Borng 1.0. _10 ' _ Boring Bigm. _1 "
Surfgce Ltlevation ~—-- Water Depth: Initlal ==~ 24 Hry., «==-
Screen Dia. _—=- Length -~ Slot Size _--=
Casing Dia. _——- Length __ <a- Type __ === NOTES
Oriting Compony Southwestarn Lobe Driling Method _Hallow Stem Auger
Criller Steve Oender Log By O. Weldermann Dote Drited 12/28/47
-
[&) m -~ Je o
L - m 5% 5o o 8 f~ CESCRIPTION/SOIL CLASSIFICATION
& | =2 | ¢ m 4 m,mu.m Wmﬂ mm i (COLOR, TEXTURE. STRUCTURE)
R - 2 |3P53 33 az> | 2z
" ~a ]
e I
- I i : ]
— 0 AN R Q=1 0-1 SLTY CLAY: Raddish brown; gatt asor top, become. stf o .
- s --..-_. with depth: roots & rootlets; rare carbonole nodutes.
S -2 -2 -} NO RECOVERY
[~ - A[ ‘as 2-3 2-38 SANOY CLAY: Dark firown to reddish brown; moist ot top, dry
- . //N}/ —o-ubu... at base; sand s fne—grained.
| AR 3.8-% SILTY SAND: Reddish brown; dry; fine~gruined; hard iram
s ad 4'=5 wilh some corbonate staning.
— S / xS SRR 7.8.8 -7 -7 SANDY CLAY: Reddish brown: dry: hard.
p— — . / LR )
//». b s 2 2 4 -
[~ i 7-10 7-8 SILIY SAND: Reddish brown; flne—grained; moist to demp;
] “4aa stightly coheshve.
XEEY 8-10 3 5aND: Reudian trown; fing=groned; darp; non—cometiva.
b g ad aa
| ﬂo ".’.'.b- *.U-._O .
I~ —
— 15 —
L
|- G —
— 25 —
K2 Page ' _oF _1_
A-23
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ERM-Southwest. inc.

DRILLING L2G

HOUSTON. TEXAS
Praject BuugrounaBoregr. _ Owner _Shedigon SKETCH MaP
Locst.on Hempstend, TX v.a. NO __09t-1t
Boring/
Weil Mo BKG-3 Boring T.0. _10° Boring Digm. 1
Surface Clevation --— Water Depth: Initigt === 24 Mre. _—~-
Scre i ——— —
en Qia, Length Slot Size _===
nbﬂ..ﬂﬂ Qig, == F.:ﬂg - Hwﬂ. ———— ZD.—-NW
Orliling Company Southwestarn Labs Driiing Method _ Hollow Stem Auger
Orilter Steve Bender Log By O. Weldernann Date Drlied 12/29/87
3 T
g, | &|ELez s 8¢
2 |1 28| « m o7 § i | B~ CESCRIFTION /SOl CLASSIFICATION
g WL g g 137 m,u«m - gt & m i {COLOR, TEXTURE, STRUCTURE)
§3pe8 g s> | gz =
o
il o
B 0 /J/ L 0-0.9 0-0.9 SLTY CLAY: Dark brown; moish; sticky; rosts and rcotiets.
- roop-oo-. 0.9-2 0.9-2 NO RECOVERY
[ SR 2-19 2-10 SLTY CLAY: COork raddish brown; vary stiff; few cartonate
= aaa J nodules, gostropsd sheils ond other sheil fragments
ﬂ_ 4 a s
i NN A From 4'-8": bicomes iems ity with thin layers of
. 5 AN SR carbenate depasition; bacomes drier and more crumbiy with
NI S ome sickensides;
= AN 0000 From 6'-8" accasions rootiets and black natural argonie
I www XN orser
- — W ...-. ... From 8'-10" occasional sand pockets and a thin St Iayer
B 8 L L 4 s o at 9.8,
-_— N e s A a
/,W/ “ a8 e d
IIAQ P S Y ﬂ.o..—o.
T 15 —
.
= —
T ——y
25
a3 PAGE _L_oF |
A-24

011088



ERM-Southwest. inc.

i+ ~
YOSTOR *EXAL Dmvrr ZO _rOL
Project Dogkground Queingg = Cweer _Sherigon SKETCH MapP
Locat.on Hempsiegy ™Y v N0 591 =11t
Boring,/
weill Na. Qgs 8oring 0. 10"  Baring Ciem. _ 7"
Surfoce Elevation _-——- Waoter Depth: Initia) === 24 Hry, _~--
Screen Dig, _=—- Length  —=— Slot Size _===
Caging lig, === Leagth _ ~—~ Twe _~=— NOTES
Crilling Company Soulhwestern Lobs Criiing Method  Mollow Stem duger
Driller Stave Gender Log By 0. Weldarmann Date Driled 12/24/87 o~
- 48]
g9 | BlEl.c5% Z o
o ol g < P EX ~ CESCRIPTION /SO, CLASSIFICATON
as | %S £ 2¢,3 2ol 25 A
SE | 33| 9E |dpeed 3y | sE (COLOR, TEXTURE. STRUCTURE)
W ws iR g ) z~
- o NN ] AN 0-10 6-1.7 SANDY SILTY CLAY: Reddish brown; domp to moist; sand 'ense
| e s v-r ot 1 H,
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Laboratory biological treatment studies were conducted on sludge
and pond water cbtained from the Sheridan Disposal Site (SDS) to
provide a preliminary assessment of the potential for biodegra-
dation of organic constituents at the site. It was not the in-
tention of these studies to generate detailed design data, nor
provide specific degradation rates. The studies demonstrated
that concentrations of volatile and semi-volatile hazardous
organic substances in the Sheridan sludge may be reduced via a
biotreatment process. A portion of such removal is attributable

to wvolatilization. Concentrations of all detected hazardous
organic substances showed reductions, most to below detection
limits. Polychlorinated biphenyls (PCBs), however, were

detected in the final samples.

Biodegradation of the pond sludge from the SDS site was tested
in 77-day suspended growth, mixed reactor tests. Six reactors
were seeded with an acclimated culture of native organisms. The
reactcrs were filled with pond water and loaded with pond
sludqge Samnhles of the mixed liquor from each reactor were col-
iectad periodically throughout the stuiy and analvzed to assess
the degqree of degradation of Hazardous Substance List (HSL)
organics 1including PCBs. Because the initial concentration of
Aroclor 1260 was 3just above the detection limit, there was
concern that any significant amount of degradation could not he
quantified. Therefore, the raw sludge was spiked with Aroclor
1260 to a total concentration of about 100 ppm.

During the study, a phase separation occurred which resulted in
the formation of tar balls in the bottoms of the reactors. Al-
though this unexpected phase separation made it difficult to
quantify the exact extent of PCB degradation, it was apparent
that each of the HSL organics which were originally detected in
the sludge were degraded in the reactors to some extent. Bio-
logical treatment reduced the pond sludge volume by approxi-
mately 50% and produced a dense tar-like hydrophobic residue.

ET18

011095




PHASE I
BIOLOGICAL TREATABILITY REPORT
FOR
SOURCE CONTROL FEASIBILITY STUDY

1 - DUCTION
1.1 Treatment Concepts

Suspended growth reactors rely on micrcorganisms suspended in an
aqueous solution to degrade organic constituents. Key parame-
ters which are frequently controlled in such reactors include
temperature, pH, residence time, nutrient concentrations, oxygen
concentration, mixing energy and organic loading. They can bhe
operated as batch or continuous flow reactors. 1In this study
batch reactors with mechanical mixers and diffused aeration were
used.

011096

Acute toxicity is a toxic effect resulting from a single short-
term exposure. Acute toxicitv in a hionloagical creatment reactor
can result 1ia severelv sliowed bicdedgrudativn i13tes or, in

l extreme cases, complete inhibition of microbial growth.

Aerobic operation of the reactors refers to a mode of operation
in which the oxygen concentration is consistently maintained at
a level which will not limit aerobic biocdegradation. This has
typically been dzfined as 2 ppm for domestic wastewater treat-
ment systems and that same value was assumed to be valid for
this study.

herobic/anoxic cycling refers to a mode of operation in which
the oxygen concentration in the reactor is maintained above
2 ppm for a period of time followed by a period in which mixing
and aeration are halted and the oxygen concentration is allowed
to approach zero. Anaerchic biocdegradation proceeds along
different pathways than aercbic biodegradation and thereby can
frequently degrade compounds which are not degradable aerobic-
ally. Cycling the reactors allows both types of pathways to
interact in degradation of the sludge.

An acclimated culture is one which has been allowed to grow in

the medium to be tested under conditions similar to those which
exist in the test,

i.2 Benefit of Technoiogy

The potential benefit of using biological treatment is the re-
moval/destruction of mobile, bicdegradable organic constituents




£rom the SDS pond sludge. This would reduce the mobility, toxi-~
city and volume of the sludge prior to closure. Based on visual
observation, the remaining residue is expected to be easily
dewatered due to its hydrophobic nature.

The benefit of using suspended growth reactors fcr treatment of
the pond sludge is that it provides excellent contact between
the microorganisms and the soluble organic constituents which
are being degraded. Such a system is normally easy to control
because it will tend to be very homogenous, thus nutrient addi-
tion and pH control are fairly simple to implement. In addition
the dilution effect of the reactor water reduces any acute
toxicity effects of the sludge on the micrcorganisms.

1.3 Objectives, Limitations

The objective of biclogical treatment is to reduce the mcbility,
toxicity and volume of the pond sludge prior to its final dis-
position by biodegrading mobile and toxic organic constituents
and dewatering the remaining residue. There are several factors
which limit the ability of biocdegradation to accomplish these
objechives., Tne sitade 1as an inorganic solids ceuntenc which
limits the volume reduction which can be accomplishea. 1ne
sludge also appears to contain a high percentage cf high molec-
ular weight organic compounds which re hydrophobic in nature
and resistant to biodegradation.

The obijectives of this study were to: 1) assess any acute toxi-
city 1impacts of the pond water, 2) demonstrate that biological
treatment has potential for reducing the toxicity and volume of
the sludge and 3) gain some preliminary data on what the practi-
cal constraints of such a treatment system would be. This study
was not intended to provide detailed design data or degradation
rate constants for the sludge.

The term acute toxicity as it is used akove refers to the ten-
dency of the pond water to prohibit biological activity. The
acute vexicity test described in Section 2 was conducted to
determine if the pond water alone would prohibit biocdegradation.

B=5 E718
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2 - TESTING

2.1 Methods

The 1laboratory evaluation of Lkiodegradation as an applicable

treatment
Disposal §

1.
2.
J.

2.1.1

technology for the sludge and soil at the Sheridan
ite (SDS) was conducted in three steps:

Pond water acute toxicity testing

Microbial acclimation
Sludge biodegradation testing

Pond Water Acute Toxicity Testing

Pond water acute toxicity testing was conducted for 21 days,
prior to the start of the microbial degradation test as follows:

2.1.2

One gallon of pond water was placed in an open top
container and approximately three tablespoons of mi-
crobial seed material was added. The seed material
consisted of soil from the edge of the SDS pond, soil
from the edge of Ciark Lake and sludge fron an active
oily industrial waste biodegradation pond.

Aeration was by means of a mechanical mixer and a sub-
merged air stone. Dissolved oxygen content was tar-
geted for 6.0 mg/L but, due to low biological acti-
vity, higher concentrations could not be avoided.

Nutrients were added tco the pond water to assure an
excess of nitrogen and phosphorous.

Grab Samples were taken on days -21, -14, -7, and G.
Samples were analyzed for the parameters indicated in
Table 2-~1.

Data was analyzed for signs of microbial activity.

Microbial Acclimation

The microbial acclimation was conducted for 21 days prior to the
start of the biological degradation test as follows:

Approximately one-quarter pound of seed material (see
above; was placvel in a five yallon, open tcig contairer
and tihree Lo [our pounas of sludge wers added. Pond
water was added to bring thne total volume to four
gallons.

B=6 £718
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TABLE 2-1

ANALYTICAL PARAMETERS
AND METHODS

_ EPA Standard Toxicity degradation
Constituent Method Method Testing Testing

TOC 415.1/9060

0il and Grease 413.1
BOD5 405.1
TSS
vSsS

Dlo.

Uptake

Cl _

S0,
Dissolved Nn, -N

TKN

P

K

HSL-Volatile Or-
ganics

HSL-Semi-Volatile
Organics

=

0114099

KR XK KX
Mo MK oMK NK X

HS1-Pesticides and
PCBs

PCB Congeners 680 (Customized)

Sources: a) U.S. Environmental Protection Agency SW-846, 3rd Edition,
November, 1986

b} APHA, Standard Methods for the Examination of Water and
Wastewater, 15th Edition, Washington, D.C., American
Public Health Assoc., 1980.




Mixing was accomplished using a 2-inch diameter pro-
peller on a shaft connected to a 1/20 hp variable
speed mixer.

During the acclimation period, D.0O. and pH were moni-
tored daily and controlled between 2.0 and 6.0, and 6
and 9, respectively.

Nutrients were added to assure an excess of nitrogen
and phosphorous.

The acclimated culture served as seed material for the
test reactors.

Sludge Biodegradation Tes:t

The sludge biodegradation study was conducted for 77 days as
follows:

Six 17-gallon reactors were set up according to
Table 2.2.

Mixing was accomplished with 1/20 np mechanical mixers
with 2-inch diameter propellers. Motors were later
upgraded to 1/15 hp.

D.0., pH and temperature were monitored daily. D.g.
was maintained between 2 and 6 ppm by diffusing air
into the reactors o: an as-~needed basis, wita air
flows adjusted daily.

The solids for the reactors were from a composite
sludge sample taken from 15 locations in the $DS pond.

Nutrients were added to assure an excess of nitrogen
and phosphorous.

The room was kept at a temperature of 72 °r + 59,

The pH was maihtained between 6.5 and 9 by addition of
0.1 normal phosphoric acid or sodium hydroxide as
needed.

Water levels were «'justed by adding distilled water
to ¢djust back to Lz no everoratico leval.

Samples were obtained by first scraping the sides and
bottom of the reactor to resuspend any settled
material. With the mixer turned on high-speed, a grab

011100




Reactor No.

Sludge Solids.

TABLE 2-2

BIOLOGICAL TREATMENT

TEST SCENARIOS

Reactor Set Up

0%

0.5%
1.0%
5.0%
0.5%

ss? (Pond Vater)

S5
SS
55
SS, 1.0% SS added

every seven days to a
maximum of 4.5% SS

1.0% SS aerobic/anocxic

Atrese Al . <
coven—day Interwvale
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sample was then collected for each reactor. If mul-
tiple sample containers were required for a reactor,
each container was filled from a separate sample.

- After sampling, the air and mixer was turned off and
the new water level marked.

2.2 Test Results
2.2.1 Acute Toxicity Test Results

Acute toxicity testing of tuhe pond water demonstrated that the
rond water did not prohibit microbial activity. Indigenous
microorganisms survived for extended periods in the pond water.
During the study a significant reduction in total organic carben
concentration ccurred (41%), and significant increases in total
and volatile suspended solids (461% and 62%) were also cbserved.
Based on TOC reduction, D.0O. uptake measurements, and the sus-
pended solids increase, the pond water appeared to be non-
toxic. The analytical data are presented in Table 2-3. The D.O.
uptake data are presented in Figure 2-1.

2.2.2 Biological Treatueiit Tests Results

The analytical results of the biotreatment study mixed-liquor
samples for the six reactors are presented in Table 2-4. The
results are segregated by reactor in that table.

The data for conventional parameters such as TSS, VSS, BOD, TOC,
and oil and grease varied erratically during the study and are
of marginal use in interpreting the results of the study. As
the study progressed, the particle sizes of residue in each re-
actor varied and consequently the amount of residue in suspen-
sion in a reactor varied between sample dates. This caused
variations in the analytical data.

Volatile organic compounds from the hazardous substance list
(HSL) were essentially removed during the study. Semi-volatile
HSL organic compounds were generally removed to below detection
levels in the water phase, but as discussed later in this report
their removal from the solid phase may not have been complete.
With the exception of some PCBs, however, the data indicate re-
ductions of all HSL constituents, via the biological treatment
process (which includes an unquantified amount of wvolatiliza-
tign).

For reactors 110vu, 1200, and 1300, all volatile and semi-vola-
tile HSL constituents in the water phase were vreduced to below

B=10 ET18
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A973
TAB'E 2-3
ANALYTICAL DATA
ACUTE TOXIiCITY REACTOR
DAY OF STUDY

PARAMETER units 1 9 15 22
Total Organic Carbon mg/L 440 384 310 260 DA
Oil & Grease mg/L 17 9 27 13 (-
Taotal Suspended Solids mg /L 70 612 541 393 -~
volatile Suspended Solids mg/L 60 110 134 97 -~
Biochemical Oxygen Demand mg/L 11 -
Chioride mg/L 159
Suifate mg/L 29 o
Ammonia nitrogen mg/L 0.8
Total KFjeldah! Nlorxgen mg/L 7.2
Hnosphorous wg/L 8
Potassium mg/L a2




ACUTE TOXICITY TEST

DISSOLVED OXYGEN UPTAKE RATES

0.040 -

0.030 -~

¢t-d
L=Z

0.020 -

D.0. UPTAKE RATE (mg/l/min)

0.370 <

Tl

DAY OF 3STuDY

' ERM-Soathwest, Inc.

HOUSTON, TEXAS
12/2887 'mn wa 9112A01

il

FIGURE 2-1
DISSOLVED OX YGEN UPTAKE RATE - ACUTE TOXICITY TEST
BIOLOGICAL TREATMENT STUDY

0 14 AFFQRIRAN DISPOSAL SERVICES




TABLE I-4

BIOTREATMENT REACTOR TaTa

REACTOR NG 1100 - POMD WATER OMLY

DAY OF STLDY

PARAMETER

T8s {ppm)
¥55 (ppm) e
THLORLBE {ppm) 141 389 438
SLLFATE ‘ppm) 19 11 82 ©
BODS pom) 3 32 32 11 54 1 <=
TOC (ppm) 380 560 4z0 RE N 290 307 180 <=
Cri & CREASE (ppm) 16 27 18 14 a9 1% H -~
=Sy QRCAMICS - VOULATILES (ppb! o
ITvmc 1 AlY ACFTONE 7% i3
7-BUT ANUNE 3 15*
#-mg THYL -
1-PENT ANOME 17 10
TOLUENE g 5°¢
Tt 1-TRI-

CHLORJE THANE
TOTAL XYLENES

HSL CRGAMICS - SEMIVOLATILES {ppb} (a)
2 A-DIMETHYL -

BHENOL
2 -mMETHYLPHENOL

10
100
1w
100
Fichd

4 - ME THY LPHENCL
PHENGL
NAPHTHAL ENE
2-METHYL -

MNAPHTHALENE e

FOLYCHLOR INATED BI1PHENYLS (DDPD) (&)

0s

17

12412 1 2*

25°

1260

NOTES .

(a) For some reackors the concentratlign of PCBS 1n the mixed liquor (ncreased with ime

mis 15 due to

increasing amounls of studge lar baltls

MOsuspensIon as the sludy progressed
Raporled concentratoon

13 mathod delectign Limit {or sample




ERre | TABLE 2-4 (Continued}

FIOTHEATMENT REACTOR CTAYA

REACTCR N0 100 - 1471 PERCENT SLUDGE SCGL S

DAY OF STUDY

5 LRAME TER a 7 14 18 a1 49 63 77
TS5 {pom) 937 654 990 10310 1850 1990 4580

vss {ppm) 574 430 700 1430 1950 1190 090
THLORIDE (ppm) 9% 442 392
SLLFATE (pDm)} 14 73 137
BODS {npm) 150 240 100 98 120 [

TOC (ppm) 530 6120 600 510 500 568 7ie

TiL & CREASE {ppm) 149 465 60 1 104 47 5

5L ORCANICS - VOLATILES (ppb)

ACETONE 150 15"
1-BUTANONE 8740 is*
4-METHYL -
2- PENT ANONE 440 10
FOLUENE 78 5
11 1-TR) -
CHLOROE THANE S0 5*
TOTAL XYLENES 97 5
~SL ORGCANICS - SEMIVOLATILES (ppb) (a)
1. 4-DIMETHYL -
PHENCL 990 106 5000 60"
2-METHY L PHENOL 810 hQe
4 -METHY LPHENOL 140 &0*
PHENOI. 4500 100" 500° 600
NAPHTHA LENE 110* 100" 500Q° Go*
2-METHYL -
NAFHTHALENE 120¢ 50+ 500" 60"
POLYCHLOR iNATED BIPHENYLS (ppbl (3)
1o1e 0.65% 3.1 100¢ 40
12131 11 3.2 100 15*
1242 2 65¢* a4 100 25*
128u 17 110 1009 380

NOTES
(a) For some reactors the concenlration of PCOs (1 the mixed |1GUor tncreased with time  This s due to
ingreasing amounts of sludge tar balls 1n suspension as lthe study progressed
«  meported concentration 15 method detection !wmil for sample
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374 TABLE 2-4 (Conlinued)

BIOTREATMENT QEACTOR DATA

QEACTOR MO 1300 - 1 PERGENT SLUDGE 50L:i0S

DAY OF STUDY

PARAME TER o 7 14 18 42 49 63 77
Tss (ppm) 1510 416 1090 9550 3570 33180 4680
vs5S (ppm) 916 350 ERL 7610 1570 1270 1649
GALORIDE {ppm) 499 433 459
SLLFATE {ppm) 17 124 246
3005 (ppm) I60 440 180 300 510 16
TOC (ppm} 770 aav 630 679 280 644 11090

OtL & CREASE (ppm) 818 367 115 az 81 107 560

5L JRCANICS - VOLATILES (ppt)

PR T Tan 25¢
FEWTTNT 140 58
1~ BUTANONE 1990 25*
ETHYL BENZENE 100 5
1 -HEXANONE 150 104
4-METHYL -
1-PENTANONE 1400 100
STYRENE 100 5¢
1.1, 1-TRL-
CHLOROE THANE 52 5e
TOLUENE 280 5
TOTAL NYLENES 180 5
HSL CRGANICS - SEMIVOLATILES (ppb) (a)
2. 4-DIMETHYL -
PHENCL 1800 100" 500 40*
2 - METHYLPHENCL 1500 40°
4 ME THYLPHENOL 4100 40+
PHENOL 8600 100" 3004 40+
MAPHTHAL ENE 140" 100" 360" 40+
1-METHYL -
SAPHTHAL ENE 140 50+ 500" 40*
POLYCHLOR INATED BiPHENYLS ppd) ()
1016 o 63e Q 94+ 4Q0* 86
1231 2} Q.uw . 400" 50
1242 0.65* 19 400°* 50
1260 19 17 400* 410
NOTES

{a) For some reactors the concentration of PCBY +n the mixed {iquoer 1ncieased wilh {ime This (s due (C
tAcieas g amounts of sludge Lar balis 1n suspens1on as the study progredsed
b Reparted concentration 15 method detection 1imet for sample
2-10
B-15

R T b bk b K L b iy s s 1 b i oy s 2000 1 RSt N L, R 2 o
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4374 TABLE 1-4 (Conlinuegd)

BIGTREATMENT REACTOR DATA

SEACTOR MO 1400 - 3 PERCENT SLUDGE SOLIDS

DAY OF STUDY

1QG0"

10001
1000t

1000

1z0°

L rivhy
1500
1500

PARAMETER Q 7 14 28 41 49 63
TSS (pom) 104G0 2080 67710 6000 271600 s20
%55 {Chm} 6760 1640 5040 S000 11700 ig0

CHLORIDE (ppm} 517 512
SLLFATE (ppm) 43 3o
805  >pm) 847 310 790 1400 B850
TG sbm) 1800 1800 1500 2100 150¢ 1620
SEL % GREASE (ppm) 259 67 131 131 17 163
HSL ORCANICS - VOLATILES (ppb)
AGE T IME 313106 4100
BENZTNE 1500 15%
1Al TEAOwF g100C 754
£ THYL BENYTME 720 15%
1 -HEXAMNDNE 31 k1ol
4 - pE THYL -
1P ENT ANONE 7100 44
STYRENE 390G 15*
11 1-7R. -
THLCROE THANE 1364 15
TOLLENE 2106 15¢
TOTAL XML{EMES 1300 159

HGL DROAN.CS - STMIVOLATILES {ppb) '3y

1 SOPHOROMNE 580 100

1. 4-DiMETHYL -
PHENOL 51C0 100+ 1000+ 300
T-METHY L PHENIL 30060 jooe
£-uE THY L PHENGL 13606 300*
PHEMNOL 12000 100* 20900 300*
NAPHTHAL ENE 450° 1004 2000 i00*

1-METHYL -

MNAPHTHALENE 450% 50+ 2000* 100*

POLYCHLIR INATED BIPHENYLS (Dpb) (3

1016 1400 1.6° 1000* 540
11312 2400 1.6" igoa* 1iu*
1241 14y ol ] 113
1160 1100 100 §009" 940
NOTES
{a, F37 some reaciors the concenlfaton of PCBs in the mikxed frauor increased witlh time

ncreas ing amounts of siudge tar

. kepar ted condentyal.cn

hatis
15 meithod deteciion Himet

inosuspension as
sample

2-11
B~16

{he sludy progressed

This

15 due
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a%74 TABLE 3-4 {Cont.inued)

BICTREATMENT REACTOR DATA

REACTCR NO 1390 - /2 TO 4 5 FERCENT SLUDGE 501105

DAY UF STUDY

3 ARAMETER 0 7 14 18 42 49 63 17
7SS (nom) 571 1780 3990 10500 4780 2350 1600 5610
vss {pom) 352 2250 1540 8179 1010 1840 1810 2790
CHLORIDE {(ppm} 198 457 649
SULFATE (ppm} 24 316 655
go0S (Com} 206 650 570 1100 1300 1960 142 (9))
TOC (5pm) 610 1000 530 1900 1700 $00 2450 1500 ')
IiL & CREASE (ppm) 148 14 140 Ty 1% 306 198 13 -—
~SL ORGANICS - VOLATILES (ppD) -
ACETOME NA 160 250 A
BENZENE A 10 5 o
2 - BUTANONE NA 50 150
ETHYL BENZENE ~ e 59
1 -HEXANONE NA iQ* 1Q0s
4-METHYL -
2 -PENTANONE NA 9 tom
STYRENE NA 10 5o
* 1, 1-TRI -
CHLOROE THANE NA 194 5
TGULEMNE MNA 10 5
TOTAL XYLENES ~A 10¢ 3¢

~“5L ORGANICS - SEMIVOLATILES (ppb) {(a)
1. 4-DIMETHYL -

PHENOL NA 2100 5900 160 =00+

1 -4AE THY L PHENGL NA 1c00¢ 500

4-ME THY LPHENOL NA 300 500

PHENDL NA 2100 14006 100¢ 500

NAPHTHAL ENE NA 110 40004 100 500"
2-METHYL -

NAPHTHALENE NA 340 4000°* 100 500+

POLYCHLOR INATED BIPHENYLS (ppbl} (a)

1016 0.65* i6? 1000* 510 550
1132 10 6 10Q90" 120 550
rrag U.oy”’ 160 1000~ i10* 553
1363 7.1 830 1065 1360 i7ee

NOTES
{a) For some reaclors the concenltration of PCBs n the mized L1quor incrzased with time.  This s dye 1O
yacreasing amounts ol siudge tar balis in suspens(on as the study progressed
. reported concenlratior 5 method detect:on fimit fur tampie
NA  NOL analyzed
2=-12
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ay74 TABLE 2-4 (Continued)

BIOTREATMENT REACTOR DATA

REACTOR MO 1600 - 1/71 PERCENT POND SLUDCE AERDBIT/ANOXIC CYCLING

DAY OF STUDY

S 4RAMETER o 7 14 18 41 49 63 77
TSS (ppm) 697 565 7160 3o0a0 1450 1680 4730
vSS (ppm} 448 490 3530 1130 2440 1950 1600
CHLOR IDE  (ppm) 342 441 437
SULFATE (ppm) 22 89 146
8005 «pDm} 181 170 130 109 310 87 -
TOC (ppm) 680 800 780 760 560 713 1500 -
Tl % CREASE {(ppm} 138 43 114 1314 149 118 13 -~
~5L ORGANICS - VOLATHLES (ppb) A
ACETONE 840 100 ~
BENZENE 100 5e L
7+ RL.T ANONE 2000 15¢
EIAYL HENZENE 55 13
1-HEX ANONE 120 Qe
4-METHYL -
1-PENT ANONE 990 11
STYRENE 56 19
5.01-TRt-
CHLGROE THANE 50 5¢
TOLLENE 160 1
TOTAL XY¥LENES 100 70

~5L ORGANICS - SEMIVOLATILES (ppb) (a3}
1. 4-DUME THYL-

PHERNOL 1300 160" 0380¢ 310 500*
1-METHYLPHENOL B30 150
4« BETHY LPHENOL 1800 190
PHEMOL 6300 100* 2000% 140 500*
NAPHTHAL ENE 110* 100 1000° 190 500
1-METHY{ -
NAPHTHAL ENE 110+ 100 1000 100¢% 500

FOLYCHLOR iNATED BIPHENYLS (ppb} {a)

1016 .65 521 t0oQe 10 330
1231 19 51* 1000+ 100 e
1242 0.65° 579 10Cu* 100 E
12448 063" 31* tdu [vIve 34
116G 13 i00Q 1000 160 1100

NGTES
cat  FOI some reactors tne concentralion o PCOY 1N thne mixed igquht tncreased wiin Lime Tris 15 gdue '
ncreasing amounts of siugge tar balis tn suspensron 3s the study progressed
. Reported concentraticn s maihod detect:on l:mii Tor sample

2=13
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detection limits by day 42. Note that detection limits for
several coupounds varied between sampling days and generally
increased with time. For reactor 1400, all volatile and semi-
volatile constituents were reduced to below detection limits by
day 42 except acetone and 4-methyl-2-pentanone. Both are known
to be readily biodegradable, and the latter had, at that point,
been reduced by over 93%. Acetone could have been present at
increased concentrations due to formation as a degradation by-
product. Reactor 1500 had the same two compcunds present at day
42 but by day 77 they had been reduced to below detection
limits.

A phase separation occurred in the reactors and a heavy tar-
like residue was formed and began accumulating on the bottoms of
the reactors. This phenomenon was first observed in reactors
1400 and 1500 on day 28.

This residue was sampled on day 42 from reactor 1400 and on day
77 from reactors 1400 and 1300. The tar-like residue was anal-
vyzed for the HSL organics on both occasions. Results of these
analyses are compared with raw cludge data in Tekle 2-8.  For
all three samples the leve = of velatile and cemi-vela*i'e HSL
constituents were below sample detection limits. The detection
limits for semi-volatiles were relatively high, ranging from 140
to 350 ppm.

A mass balance was conducted for reactor 1400 and the results
are summarized in Table 2-6 and the detailed analysis is pre-
sented in Table 2-7. For volatile organic compounds the data
indicates substantially complete removal, 98%. For the semi-
volatile compounds, the data is less definitive due to high
detection levels in the residue. It is apparent, however, that
significant reductions in semi-volatile compound concentrations
did occur, 81% or more, in Reactor 1400.

PCBs were detected in the residue at concentrations above those
that had been detected in the raw sludge sample. The raw sludge
had been spiked to approximately 100 ppm Arochor 1260 to assure
that there would be sufficient amount present to demonstrate
biodegradation if it occurred. The concentrations of PCBs in
the residue from reactor 1400 on day 42 were approximately
double those which had been detected (and estimated) in the raw
spiked sludge. Since the volume of the residue was approximately
one-half of the original sludge volume added to each reactor,
the PCBs were apparently concentrated in the resicdue, By day
77, however, reactor 1400 residue PCB concentrations did appear
to be reduced somewhat, particularly if Aroclors 1232 and 1242
are assumed not to be present.

2-14
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B [
AFTT TABLE 2-5
COMPAR i SON BETWEEN RAW SLUDGCE AND REACTOR RESIDUES
REACTOR 1400 REACTOR 1500
DAY 42 DAY 77 DAy 77
RESiDUE HESIDUE RESIDUE
RAW SLUDGE CONCEN- CONCEN- CONCEN-
CONCENTRATION TRAT |ONS TRATIONS TRATIOMS
DETECTED PARAMETER3 {ppm) (ppm} ta) (pp) (a) (ppm) (a)
HSL ORCANICS - VOLATILES
BENZENE 170 «0.5 0.5 Q5
ETHYL BENZENE 560 0.5 0.5 0.3 4\
STYRENE 340 0.5 05 .5 <
TETRACHLORDE THENE 31 0.9 0 3 095 -—
TOLLENE 700 <0 5 0 5 @0 5
TOTAL XYLEMNES 1600 Q.5 G5 <05 A
HSL ORGCANICS - SEMIVOLATILES (b =
............................ Qo
2 -MAE THYI NAPHTHAL FNE 110 <360 <140 €350
MNP Thaa UMt ity cAGo <140 1350
N-NITROSUD | PRENYL A4 I NE 190 300 <140 <350
2, 4-DIMETHY LPHENOL 460 <300 1140 <350
1-METHYLPHENGL 40 1300 <140 350
A - WMETHY L PHENOL 850 1300 <14Q €350
PHENGL 1500 1300 <149 €350
HS5L ORGANICS - PESTICIDES/PCBS
ARCHLOR- 1016 55 100 <40 40
ARCHILOR-1260 13 (100}{<) 140 15G 24Q
CONGENER ANALYSILS % REDUCTION
----------------- QDAY A} to 77
'AONOCHLOROB 1 PHENY L [ 2] ND 81
DICHLORDB | PHENYLS 8.4 7O 12 a8l
TRICHLOROB i PHENYL S 2.8 110 15 a8
TETRACHLORGE | PHENYLS t3 110 11 91
PENTACHLOROB | PHENYLS 1.3 88 F1:] 68
HEXACHLURO8 1 PHENYLS 1.7 100 59 7t
HEPTACHLOROB | PHENYLS ND 110 14 a7
OCTA {LORCHB ) PHENYLS ND 6 6 6.6 Q
NONACHLOROB | PHENYLS ND N} ~ND
DECACHLCOROB I PHENYL N ND ND
TGTAL 37 Lt 154

HOTES
{a) The tesidue fepresents approximately 50% of the mass of the ariginal sludge with ng degradation.
and 100% concentration of constituents in the residue, the residue concentrations would be
approx imately doubie thase of the sludee.
(b) Bis(2-ElhylhexylIphthalate was detected ‘n the residues but not In the raw sludge. 1t (3 balieved
lo be a laboratory contaminant resulting from the use of plastic reactors
{¢c) The sludge added {0 tha reactors was spiked with archior 1260 to a tatal concenttation of approximately
100 ppm
2=15
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Table 2-6

MASS BALANCE SLMMARY - REACTOR 1400 - 5 PERCENT SLUDGE SOLIDS
PHASE 1 BIQLOGICAL TREATMENT STLOY

SHER IDAN DISPOSAL SITE

TIME
ZERC CAY 41 DAY 77 DAY 17
TOTAL TOTAL TOTAL PERCENT
MaSS [a] WaSs [b] MASS [b] MASS
PARAME TER (grams) {grams) (grams) REMOVED
WATER MASS 63300
SLUDCE MASS (wel weight) 431512
SLUDGCE MASS {dry weighi) 3303
QltL & CREASE 1972

TOTAL DETECTED wOLATILES 0 68
TOTAL DETECTED SEMIVOLOATILES
TOTAn JITLITED PoEs [

011113

The time zaro mass was caiculaled for data on pond waler an untreated siudge
(with estimated 100 ppm sptke of Aroclor 1260) volatile, semivoiatile and PCB
data were not avaiiable Tor pond waler and were assumed to be zero (this 15 2
conservative assumplion resuiting 17 the !owest overall removal efficiencies)
Totaé mass I1n ra2aclor pruys mass removed during sampling For siudge mass the
masses O lotal suspended sot1ds 'n the reactor and ol residue were nciuded

o Lte calcyiation

ATOCIQr 1160 was addeo 10 the situdge before 15 addition {o the reaclors at a
larget concentration ¢ 3¢ ppm 1n Lhe $ludge
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The mass balance for Reactor 1400 (Table 2-7) showed an overall
2 percent decrease in the mass of PCB’s. This mass balance,
however, was conservative because it assumed that the concentra-
tion of non detected Aroclors 1232 and 1242 were equal to their
detection limits in the day 77 samples. This resulted in a
negative percent removal for these two Aroclors, because of in-
creases in the detection limits for the sludge samples. If it
is assumed that the mass of these two Aroclors does not change
from that originally measured in the reactors (also a conser-
vative assumption) the total reduction in PCB mass in Reactor
1400 in 77 days is calculated to be 23 percent.

The residue is a hydrophobic material which is semi-solid in
nature. It and the PCBs contained in it appear to be in a rela-
tively immobile state. Although biotreatment did not clearly
remove all the semi-volatile compounds and PCBs it apparently
did render them 1less mobile by concentrating them in the
residue.

Two analytical methods were used in measuring the PCBs. The
Aroclor analysis, (Moethad anRn} is a GC-PIN method which is the
approach specitied in rhae FPA donrract Lapucatoyy 2rogram. The
congener analysis was used because the Aroclor analysis, while
it is the accepted method for PCB quantification has some short-
comings with regards to assessing biodegradation. Aroclors are
madeup of mixtures of congeners. Different congeners have
different degrees of biodegradability. As degradation proceeds
it can alter or destroy the patterns by which the individual
Aroclors are identified. The GC-MS congener analysis enables an
analysis of chlorination level distributions within a sample.
Since lower chlorination 1level PCBs are typically the most
readily biodegraded, a shift in the congener distribution be-
tween samples can indicate biodegradation. The GC-MS method,
however, has not been refined to a point that it cffers reliable
quantification for PCB sludges. Figure 2-2 illustrates the con-
gener distributions based on the Method 680 results for residue
samples taken from Reactor 1400 on days 42 and 77. Notice that
for congeners with five chlorine atoms or fewer the cumulative
percentage present is significantly less in the day 77 sample
thar. in the day 42 sample. This trend is even more significant
for congeners with four chlorines or fewer. Such a change in
congener distribution is a good indication that biodegradation
has occurred. The conclusions based on these data should be
considered tentative due to the state of development of the
GC/MS PCE analysis. Since only two data sets a.e &vailable,
statistical comparlson of the data is nut poussible.
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3 - IG PLICATIONS

3.1 Preliminary Design Concepts

The use of biological treatment to reduce the mobility, toxi-
city, or volume of wastes may be a technically feasible option.
The data acquired to date, however, are not sufficient to design
a specific bioclogical treatment system at the SDS site. To
assess the general design implications of using biological
treatment, a preliminary basis for design is provided below:

Sludge:water ratio = 1:9

Seed material - native microorganisms
Siudge volume reduction = 50%

Treatment period required = 90 days

Aeration energy required = 0.75 horsepower/1000

cubic feet {100 HP/MG)

Periodic resuspension of residue by cutter-head dredge, or other
meaus, ray uve rafulted.

Nutrient requirements:

Nitrogen 100 1bs/10% 1lbs of sludge
Phosphorous 20 1lbs/10% lbs cf sludge

pH Control:

Acid addition 20 1bs/10° lbs of sludge
Base addition 20 1bs/10°% 1bs of sludge

Because the treatment residue is hydrophobic it appears to be
readily dewatered. For final disposal the residue could be
stabilized or bulked with soil at an approximate ratio of 2:1
(soil:sludge), although testing of different bulking ratios is
needed for final design.

3.2 Options for Further Testing

The most logical next step for testing is to conduct a second
round of laboratory studies in which only one loading rate is
studied (1:9 sludge to water). More analysis of the sludge and
residue at the beginning and end of the study should be obhtained
to provide a strong statistical basis for drawing conclusions
about the ultimate degree of HSL organics and PCB removal effi-~
ciencies. During this study, other scurces of sicrc-organisms
should be tested for their ability to degrade PCBs and/or reduce
the volume of residue produced. Also during this study the phase
separation phenomenon should be studied to determine when it
occurs and identify opportunities to optimize the systen.

3-1
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4 - CONCLUSIONS AND RECOMMENDATICNS

Conclusions

1.

The biodegradation process (including volatilization)
effectively reduced ccncentrations of all volatile HSL
organic constituents detected in the sludge by 98% in
the most heavily loaded reactor.

The biodegradation process reduced semi-volatile HSL
organic constituents by 81% or more in the nmost
heavily loaded reactor.

PCB removal was not clearly demonstrated. However,
limited data does indicate that some PCB degradation
did occur.

The biodegradation process reduced the volume of
sludge to approximately half of its original volume.
The resultlng residue is a tar-like substance with a
apb_ba¢u gLuVLLy of 1.2. Based ¢n visual observation
toc mabterial is easily deowaterzd as it forms discrete
hydrophobic balls. The moisture content of the resi-

due from day 77 samples was between 14.9 and 18.1

percent. Oon a dry solids basis, the mass reduction
achieved is minimal.

The highest loading rate used, 5% sludge solids, did
not result in apparent toxic effects in the reactor.

Aerobic/anoxic cycling does not appear to offer signi-
ficant benefits over simple aerobic treatment.

Stepwise sludge additions do not appear to result in
significant advantages over a single sludge addition.

Recommendations

l‘

Conduct additional bioclogical treatment studies to
better define the extent of PCB degradation achievable
and the degree of sludge volume reduction attainable.

4-1
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ATTACHMENT A

Laboratory Results
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PHASE II
BIOLOGICAL TREATABILITY REPORT
FOR
SOURCE CONTROL FEASIBILITY STUDY

INTRODUCTION

The Phase I Biological Treatment Study was a preliminary study
which yielded data indicating a significant sludge volume reduc-
tion could be accomplished via kiodegradation, and that reduc-
tions in the mass of volatile and semivolatile organic compounds
and possibly PCBs could also be achieved. Calculation of the
magnitude of these reductions, however, was complicated by the
large number of samples which were collected and the manner in
which they were collected (i.e., mixed liquor samples as opposed
to settled supernatant and solid residue samples). The primary
objective of the Phase II study was to better define the magni-
tude of the reductions in sludge volume, sludge mass, volatile
organic cnugLaid wa3s, semivolatilc srganic compound mass and
PCB mass.

Two additional studies were also conducted during the Phase TII
study. First, a phase separation study was conducted to
establish when the sludge began to settle out to the bottom of
the reactors and when it began to form tar balls. This study
was based on visual ocbservation made in a six gallon stirred
reactor. Second, a study of composting using White Rot Fungus
(a lignin degrader) was also conducted using wood chips as a
medium. Literature indicated that the specific species of White
Rot Fungus tested offered significant potential for PCB degra-
dation. Discussions with a coauthor of much of the literature
lead to development of the composting test.

AQUEOUS BIQLOGICAL REACTORS

The test was started on November 20, 1987. The sludge was
spiked with Aroclor 1260 and carefully homogenized. Six spiked
sludge samples were collected for analysis on day zero. Results
for these analyses are reported in Table C-1, as are the aver-
ages and standard deviations for those results. The average
values are nsed as the basis of comparison for later samples.

E719
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. 1)375 orBlE €A

v boar Sdudge Ahaldys(s
PPhase 2 Boodegradalion Study

shretrdan pispasd’ Sele - Feasihtety Study

Replicate Studge Sampie Numbees

........................................................................... Slamiatd
PARAMETER 2001 10012 2001 2004 1005 1006 AveEage Deviglion
VOLATL ES
Hensen: (mqu?i FIE]s) 170 180 200 10 190 196 7 14 7
EthyIbanzene (mgrkg) [F 1) 711G 120 810 790 710 171 7 65 9
Slrfena (mg/kg) 520 410 420 430 460 430 451 7 19 3
Telracnioroethene {mg/kg? 91 35 72 43 40 71 59 2 A
Toluen: (agskg) 940 750 170 440 870 790 840 © T2
Total o lxnes (mg/kg) 2T 2100 2100 1400 1300 2400 1181 3 2ty 2
SEMIVOL AT ILES
bis(2-<ithvihexyl yphthalate (mgs/rg) 41 50 &5 37 19 43 54 3 L6 %
: Flugianih*ne(mgseg) 42 60 65 37 39 43 47 7 1o 4
i 3 2-methylnphthalene (mg/kgy 190 210 130 200 140 190 190 0 15 1
3 NMaphthilee (mg/kg) 260 220 220 200 180 120 118 1 24}
] NN Lrosofiphenylamine (mg/kg) 230 120 140 110 184 110 il it e
] Pnenanthr :ne (mgskg) 140 140 &5 37 §10 130 103 7 19 4
E 2.4-Dine . ayiphenol (mc);lkg) 170 320 160 150 280 340 w8 3 67 9
i 2-melnyl snenol (mgskg 260 100 170 150 160 180 186 7 6 4
4 4-methylpienol (maskg) 710 180 400 410 230 160 38) 3 1702
- Phenal  (my/kgq) 1000 650 650 600 600 660 £93 2 139 2
: O PCA'S
&., .....
‘ kiocior - 1242 iug!kg) 80000 88000 £71000 60000 40000 8000 0500 ¢ 17505 4
4 Aroclot - 1260 {ug/kg) [b] 410000 300000 240000 140000 250000 140000 31313133 3 582114 2
| Monarhl arobitphenyis (ugskg) 2RO 180Q jzo 150 X 4] o 1] aat ? 1063 a
; Drchlctabiphenyls f,ugzi? ) T200 8600 11600 4300 1500 850 5575 O 3198 4
r:tchi.;rcbégnenyts {ugsKg) 14000 13000 13090 12000 1400 1300 12281 3 54390 &
Telrachiorobiphenyls {ug/kg) 15000 13000 21000 6100 2900 5200 105606 7 6127 4
Pentachicrobt henrls (ug/k?) 15000 13000 18000 5900 4800 1900 10100 O 5552 8
: Hexachlarabtpheny (s (ug!ke 42000 41000 58000 23000 21000 4000 13000 O 18556 2
P Heptachlorobiphenyls (ugf ?) 24200 11000 38000 13000 22000 15000 12166.7 8070 9
! Oclachiosobiphenyls (ugZkg 1200 N 7400 D 0 7500 1850 0 3344 5
3 Nonachtorobiphenyls (ug/k?) Ny Tal N (X9 ND ) N ND N
: pecachlorobiphenyl (ug/kg N N D N D N ND ND
PHYSICAL CHARACTERISHICS
b [VIBENL 9] 11 6 11 8 46 44 5 41 B 271 34t ISEE]
E water (%) 52 9 71 9 4a 2 40 9 44 1 ot 1 $2 2 12 2
; Solids (%) [c] 135 14 3 13 8§ 14 & 14 1 11 8 13 7 u oY
3 Ash @ 550 ¢ (%)
i {My werght basis) 26 8 26 2 26 1 15 13 26 3 27 3 P AL
E Total solids (%) [c] 43 7 40 4 441 47 2 a3 8 42 8 43 7 20
E Specific CGravily (& 77 )
MOTES

[a] Pclection imits were nal reported for {he congenet: anaiyses
[B] s1ocior 1260 was added as a spike Lo [he raw siudge Lo assure 4 higy enough concentration o detect drodegradation shoubd 1 aooue
jcy The ditference helween solids and total satids 15 that solids 15 baseG on a fieon extract10n technique whith sepatatey ;i from

; the solids totai solids. however . 15 based on diying al 104 and fe high molecutar werght ol and dissalved sobeds fTrom
the waler and il phases dre messured ss tatal solids
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At start-up each of three reactors received 57.2 liters of pond
water and 2.14 kg of sludge. Reactor 2100 was seeded with
native micro-organisms. Reactor 2200 was seeded with organisms
provided by General Electric which have demonstrated ability to
degrade PCBs in laboratory studies. Reactor 2300 was seeded
with microorganisms provided by Microbe Masters, Inc. which have
demonstrated ability to degrade high molecular weight hydro-
carbons and other compounds resistant to biodegradation. Other-
wise, the reactors were operated in the same manner as during
the Phase 1 Study and the same analytical procedures were used.

On day 71 (January 29) water and sludge samples were collected
from each reactor for analysis. (EPA observers collected split
samples from Reactors 2200 and 2300). Results of analyses of
day zero ana day 71 samples are presented in Table C-2.

Mass bhalances were conducted for each reactor and results are
summarized in Table C-3. Results indicate that the wet weight
of sludge was reduced 40 to 49 percent. On a dry weight basis,
however, the mass of sludge was essentially unchanged (.2% to
12.9% reduction). Reductions in the mass of oil and orease
ranged from 15 peccent to 25 percent. (Could vavy sliubtlv due
to assumed concentrations of 0il and grease in the water phase.
Assumptions were based on Phase 1 observations.)

Reductions of volatile, semivolatile and PCBs were also observ-
ed. Volatile hazardous or~--.c compounds were reduced (via bio-
degradation and volatilizat i} below the level of detection in
all three reactors. Semlv ..atile hazardous organic compounds
were reduced by 84 to 86 percent in each reactor. Detection
limits were used as the actual concentration in these calcula-
tions. More variability occurred in the level of PCB removal
between the reactors (based on Aroclor analyses). Reactor 2200,
which used the General Electric micro-organisms appears to have
shown a PCB reducticn of 53 percent. The Microbe Masters micro-
organisms used in Reactor 2300 appear to have resulted in a 44
percent reduction in PCB mass. Reactor 2100 used native micro-
organisms and appears to have resulted in a 43 percent reduction
in PCBs.

The detailed mass balances are presented in Tables C-4 through
C~6.

A GC/MS analytical method (Method 680) was used to measure con-
gener distributions within the sanples. a:thougn ic proved not
to be accurate for deleimining piecise cuncencirations, cue data
developed are useful for detecting biodegradation. 1In general,
congeners with fewer chlorine atoms attached are more readily
biodegrzded than more highly chlorinated congeners. A shift in

c=3

ET19
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0838 TABLE C-2

PHASE 2 BIOLOGICAL TREATAGILITY SfUDY
ANALYTICAL RESULTS

Time Zera (November 20, 987) by 71 (derwary 29, 198%)
Reactor 2100 Reactor 2200 Reactor 2300 Reactor 2100 Reactor 2200 Reacter d300
Native Ogrenisas GE KicrobeMasters Average Native Wicrobes GE Microbes Microbe Masters
P*RME‘[ER ebS-ASAERRRARLEE eedBSsMLSSiAuAE  EEmASEEEeImee == Pow sludge -------------------------------------------------------------------------
Water Phase Water Phase water Phase (fro' Teble C-1) Water Phase Salid Phase Water Phase Solid Phase Water Phase Solid Phase
VOLATILES = sssasssssmesarss  emssssazsasmas  sssestasssmssis s messes-esmdlas Asssssmeses AsssesAMEss MEsTEsesmen ssraasesass srtmesecoSs mlecc nten
Benzene (mQ/kQ) ** 3.4 3.9 3.5 196.7 0.005 » 0.5 * 0.005 * 0.5 * 0.005 * 8.5 *
Ethyibenzerne (m37kg) 5.8 2.7 3.2 4414 0.005 = .5 * 0.005 * 0.5 * 0.005 * 9.5 =
Styrene (mg/hg) 3.7 2.3 2.3 a5t 7 0.6Q5 = 6.5 * 0.005 = a.5* 0.005 * 9.5«
tetrachlorae here (mgrkgl 2.6 " 8.5 6.5 " 59.2 0.005 = D5 * 0.005 * 0.5 * 0.005 * -
Toluene (mg/ g} §.0 6.0 6.1 840.0 0.005 0.5 0.005 * 0.5 0.005 * 8.5 *
Total Xylens: {a3/kp) 18.5 &40.5 10.0 2283.3 0.005 = 0.5 * 0.005 * Q.5 * 0.00% * 6.5«
SEMIVOLATILES
big(2-Ethythexyl)phthatate (my/ky) G.1* 0.1 " 0.1 " 54.5 Q.2 * 300 0.2 330 2. 170
Fluaranthene (wg/kag} 0.2 g.1* 0.1 &T.7 g.2 e 9.2 a.z* 49 * 2. &6
2-Hethylnaphzhalene (mgskg) 0.8 0.3 0.4 199.0 9.2 S8 * 0.2« (3 2. 59 -
Naphthalens (mgsig) 1.0 0.5 0.6 216.7 0.2~ 58 ¢ g.2* &9 - 2 Sy
: N-Nitrosodiphe.ylamine (mg/kg) 1.2 g.1* 0.3 a1r.3 9.2 * 58 ¢ 0.2 i . 2. 59 «
-4 Phenanthrena (mg/kg) 0.5 0.2 0.2 103.7 a9.2» 43 0.2 (4 2. Yo
i 2, 4-Dimsthylphenol (ng/kg) 9.0 7.3 4.5 288.3 0.2 58 0,2¢* 49 2" 59~
4 2-Nethytphenal (mg/kg) 10.0 T.h 10.4 185.7 6.2+ 58 0.2+ (1 2 * 59 =
4-Methyiphenol (mg/kg) 2.0 0.5 12.5 333 0.2« 58 * 0.2 49 2" Yo
A Phenol (mgrka) &7.0 43.5 70.5 5693.3 9.2« 54 ¢ 0.2 [ P 59 *
F - poa's
_ Arocloc- 1242 (wg/ky) 265.0 88.0 205.0 70,500 1.5« 72,000 3 &7,000 1.9 * 29,000
Arcclor-1280 (u/kg) 785.0 300.0 650.0 313,333 &2 300,003 na 230,000 56 348,000
_.? Korochiorobiphenyls (uy/kg) 1r.0 5.0 8.5 1,293 ND [a) 2 WO {a) 300 NG (e] E$14]
Dichiorobiphenyls (ugrkg) 56.5 4.2 26.0 5,575 NO ([a) 3,900 NO [a) 3,600 NO fal 5,700
3 trichlorobipheryis (uwkg) 92.5% 35.% 40.0 12,283 3.4 19,000 L 8| 20,000 ND [al 29,000
i Tetrachlorobignenyls (uw/kg: 80.0 1e.0 3.0 10,547 KD (al 10,000 NG (8) 15,000 KO [al 25,000
b Pentachlorobiphenyls (ugrkg) 84.0 55.0 26.5 10,104 1.8 24,000 6.4 34,000 HO [al 42,000
Hexachlorobtohe wis {ug/kg) 295.0 7.0 128.0 5%,000 15 100,000 29 120,000 ¥.8 13,000
R Heptachlorohiplvinyls (ug/kg) 1845 315 85.0 22 167 5.7 58,000 20 73,000 5.2 843,000
Octachtorobiphenyls (ug/ig) 32.5 10.0 24.0 5,700 NO [a) 12,000 2.9 12,000 HO [a) ¥6,000
dacachiorohiphenyls (ug/kg) %3 (a) KO (sl NO (o) NG {al W la) NO [a) N> {a] O (a) NG (s}
DPecachiorobiphenyl (ug/kg) M {a) ND [a) ND [a) KD [8) D [e} O [a) NG (a) ND [a) ND [a)
PHYSICAL CHARACTERISTICS
- gil (X) NA NA NA KA NA &iT.5 NA 43 NA 509
Water {X%) NA NA NA §52.2 HA 3ot NA 32.7 NA 5.7
E Solids (X) NA NA NA 3.7 A 2.4 [T} 24.3 NA 2.8
.3 Ash @950 C 1Y)
E (Dey weigrt Lastis) 0 3% 0.3 a 27 08,3 0 4@ b{ 0 S5a arz [ S A AP
Tatsl Solids {X) 0.7115 0.69 0.74 3.7 ) .9 0. 6065 0.2 Y s
‘ Specific Gravity (@ 77 F) 5 0.3515 &) 1.1646 11841 1 oWla
NQTES
NA o Not Aralyied
{a) ND = hot (avected, detection timit not determined.
E - :::;:n::!f dtl:: fotat 4sh contents of water sampies sre calculated based on the gum of Total Diksalved Sol (s plus the Totel Suspended Solids, and fur gsh, mifke the veletile
50 .
* Repacter sslue {s method detection Limit or for water somples (which are aversge of two samples) where at least one semple was below detection Limit.

=t Density o  water g assumed to be 1 kg/L
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DYt FABLE -3
Summary Of Phase 2 Mmass #Halances

Sherjddan Site Comtutlec
May 16 19K8

Reactat 2100 Reactof 2200 Keactor 2100
Nalive Miciokegati sms b ML e A QAT SIS Moot masters
> TIME ZEREP memmcoee e cmmaeecaas ameeiea e ieaeaeacameaa e e -
10TAL Mass % Remaval Mass £ Removal Mass % Remaval
: MASS Day 71 DAY 7t Day 71 DAY 71 ey 71 DAY 71
3 PARAME TER [grams] [grams) %) fgramst (%) i grams} (%)
(3] WATER MALS 57240 57240 Q¢ 57140 0.0 $7240 L
6‘[ S{UDCE MASS (wel weight) 7296 4302 41 O 43170 40 1 1520 43 3
. [OTAL SALIDS (Dry weigal) 1187 3179 A 1367 148 17 £2 4
GiL AND CGRE#SE 21718 [a} 1852 (b} 153 Q to78 (6] 1 Q 1625 5 4
I
' TOTAL DETEC.ED YOLATILES 11,57 o o 100 0 Q 01 100.0 e ar tue o
TOTAL OETECTEL SEMIVEL ATILES 12 12 111 45 ¢ Y ia a4 o4 84 7
‘ [OTAL DETECYIED PCB-S (c) 2 51 | 44 42 6 1146 51 0 1 40 41 o

;i noles

fal assumes 100 ppm atf and grease in tHe waler
ib] Assumes 200 ppm @it and grease in the water
fc] Based o araclotr analyses (umelhod s08)




[+ 8] TAKLE (- .

Detailed mass Balance - @ractor 20
Phase 3 Bladegraditon Study

Sher pdan Dhspowdd site Fra b ulEity ludy

Trme Zert lal M55 IR RESCTOT 2900 - MELive RiCTOOEGAN| SRS
(Nswemhee 20 19873 (January 2% ]
Sludge water Percent
i eEm e rErcaaariaeas ¢ teiamaesesc mmmeman faiae. fatal 0000 -ee- rreaamaemn P cemamees masm e Total L. B}
Conc s {onc ayis L Canc ~i 5§ {ong s wiss Resuved
PARAME TER {as noted) {grams} (43 NGted) {grams) iQrams tas pated) (gramy) tas roted) (Grams}) igrams) (8 13
WATER MASS 47240 Sri4: 57240 47 240 L)
SLLEBCE MASS WET  wl % A 232 a364 729 [¥14 3875 (d} 4308 410
SLUDGE MASS (DRY. wt %} a7 407 43 ? 2780 Je7? a 5515 [Of 316 r31 19 2804 jrre a2
Ol & CGREASE (wt &) 0 ar [c] 5 it 2172 PN 0 02 {c! " 47 5 18é1 tasz %0
VOLATILES
q dentene (iMg/RG) +* 34 0 195 we 7 1 252 I 4486 LA 000 [ ¢ ooz o 662 9 8
Ethyibenzense (mgrkQ) 58 o 114 I ? 49 3219 o Qo5 = acd 0%+ 0 002 [ B e o
b Siyfene (mgskg) 37 Q 212 45 ? 2 874 3 ass o 005 * o000 98¢ 9 ¢o2 0 002 9% 9
Tetrachio ae .aene (mQ/kg) 06 0 ay7 5% 2 aarz 0413 0 oGS » Q00 o5 o 202 0 ud2 99 5
E Toluene (9/Eg) 2 Q 0 45%% 840 0 5 i48 5 a0 0 0g3 and [ 3 T o Qo2 0 032 100 ©
N Tota) myhsnes (/g s 1 6%9 2183 3 14 %\ 15 390 0 0pS = 0o o o 902 ¢ 002 we o
TOTAL DESECTED WORATICES 2275 29 290 1565 a 6o2 o 012 0GRy e o
SERIVALATLLES
Drse2-Eth-thoxpd iphthelate (m/kg [+ ] G Ota 54 % o 147 a 35% ¢ 2 UGl 100 i tel T4 TN
E Flearansh o~ rog/ky) 02 Q011 7 0 30} o 17 Q- G ot 92 a 016 o Q4? % 0
K Z-methy lnaphtoalens (mgregq) 44 Q D44 190 0 1 209 1 28] - I I o ars 58 o 223 g 2% L 10
i o] Naphthalet #arkg) 10 0 954 ne 7 1379 vay 6z 0 atl 38 o 215 8 236 o
1 ] N-Nitraselinh ity lamine (m3/hg) 'z 0 069 217 ) [BEL)] 1 452 02 o ant L1 o 223 0 136 [ 3304
P [e .Y Phenahthr "ne  mgsed) Q% 9 az? Wi 7 [ -1.1] Q 686 92 Qan [ 3] 0 244 0 156 62 8
2.4-Dimetavipoeno! (w3759 30 0 512 288 3 1 835 2 147 02+ oot 54 a 215 ¢ 28 [T
. I-#elhyiprenu  (mg/kg) 106 a 572 e 7 1158 1 7sed a2+ a ant 58 = Q 123 o 236 LI
3 4-w2liyiprena  cmgrkg) 128 1812 3831 2 440 4 271 02 00t 50 - a4 228 8 236 94 5
¢ Phenal (myskg: 67 0 LIN: FL] 893 3 4 412 4 247 a2« 4 an E1 0 225 a9 216 97 1
g YOTAL O TUC ED SEMIVOLATHELS b 969 15 156 23 125 G t14 3 o1e 3Ll [ A0
¥ PeB'S
f REGTIOT- 1242 (ugikg) 263 O ooy 70 soo YL 0 404 Ly oon 71 600 o 219 v e %8
B Araciar-12ed  ugskgl 8% 0 0 0%6 312 13 1 994 2 050 42 a4 002 390 90 1 16} 1 148 4t 2
G T10TAL Qofid LD aROCLORS G 072 2 44} 2 5! 9 Q02 1 42 | 4dd L
sanochiaiabpheny i s (Ug/kgH iTa Q 902 291 a 0as [ N 0 000 270 & 00 0 0ot
Dichlogobpiee wrls (ugikg) % 5 [} 5575 a 038 03t N 0 000 1 900 9 018 G ots
Trichlarempienyts (ugsegi 9t 5 0 Q0% 12.24) a Qrs [I+1 34 PLel] (L1 ) Q074 & 074
fetrachios hiphenyls (ugseg) 40 0 o 20% rd 567 0 0&7 Q 0:2 M ¢ 000 19 a0 Q 919 0 0%
Paatachicradislieny i ugsegl T Q 905 @ 109 0 06¢ 9 Q6 14 040 24 000 N 0%} Q ae}
Hexachior ypipheayl s (ugreg) 295 0 0 017 i) Quo 0 210 o 227 15 © 001 00 Q09 AR LL] G a8
weptachicrobineny |5 <ugrseg) 84 5 0 an 2 67 g 14l a 134 57 a0o 18 000 o 2% a 2%
o tachlor shag neny (§ (ug/kg) 32 s a oes 5 700 0 038 Gas N ¢ 000 12 000 o 47 L TH
rondchlar ip eyl s (ugskg) NE fa ] N N N
Decachlorobiphenyl tugrkg) Ny N N ND

™MOTES
NA » NOt ARZIyced
lal <O = apt Petected detection Limit not determined (of congensdr afdlysis
() Total Soldds ang totaf ash contents of water sampies 4re Caicuidted based on the sum of the TOta) Dissolved Safpds plus the Total Suspended Salids
anu for ash minus the volatile Suspended Scitds
[ci asrumed vailue
(dl medsuted weight of sludge residue plus 75 grass remved incrdentdd by dueing matntends e
+ Reparted vatue 5 method detectian |imie
* Defisity of maler 15 assumed ta be 1 kgst
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fetailed mass Badaticr - Reaotor 2Rad
Frlgae 2 Buadegrad b ion Stwly

shervdan Dispesal yit. Fedsibitd ity study

Time Zero {a) miss (h RC4CTOr 2300 - Of Mictonrgani il
iNuyemOet 20 1947 {january 19 198
wiler Studge water STudge Fetoeink
R - I I B tula L BRI Tabat L RN
Lane LIFEY Oy E YEEY L Y [R+I{1Y L "R Cudke iy s LY R R Hempwed
PARAWE TER {35 rated) (gram-. (ds fted) (gramsi (i tme (a3 fted) (geamst ids Noledi (e amy [K-1E 1 T3] (3 1)
' WAIEH MASS EIZEI BrAeL 5T 240 AT (AT ooy
[¢ SLUDGE MASS (WET, wi w3 NA a2 (311} 10 4395 PLELANE T 4370 ot
i SLLDGE MASS (ORY wi %) Q7 407 a7 ran AL o sfsy (b 47 TG 4 20 A0LY L]
: Ol & GREASE {wl %) 6 01 [cl [ 34 2172 1178 Qo [ 1" 1 (LYY a8 FE ]
3 WIRATILES
; Benzent (BGIRGL 0 L] O 210 L ! 1252 1 AT g Guh - 000 65 © 802 o 0d1 % &
; Ethylbencens (dg/kgl 27 a2 T 490 5 0:3 Q005 - 000 [ o aos a oo 03 0
E Styrene (mg/kgh 23 9 129 451 7 T 874 3 our Q 0d% « 003 a5+ o 00} ¢ 002 94 9
i Tetrachloro=thene (mQregh 08« a .9 59 2 o 1y o 4G% Q 0as . aoa [ ] g an2 o ag2 L L
!‘ tauene (mgreg) L] Q34 440 0 5 M5 5 69 o 0a% - aso 45 - 0 96 [N " a
H Total xylenes (mg/kgy 40 5 2 318 4183 4 H 3 I 419 [ Q09 a5« 4 oue g Gl e o
g TOUAL DETLCVE D WAL ES AIREY 19 130 31 Aty o 002 © 02 LY 1% 0
T SEMEVOLATILES
Dis(2-Ethyiaenyliphtkalete (mi/kg: oo [ 54 5 Q 347 a .4t DI U o1t 314 v 219 [P PL
Fluatanthens (mjreg 01 g oo &7 a a3 a e a1+ a Gt oo LI ooy s
Z-acthy laprihalene (mgrkg) u o ul? 190 ¢ 1209 [ IR Qb o ot [ [ LT o bt o
O tadhinatene iwQikud 0% o 0 e ? LT 140 Qo2 PR 44 B [RF LS L1
NeNELT OO Ipheny Famice (mg/Kg) g o Q Goy oy 1 81 * At [1 I e aln L 6 1o B M a4
§ phensittnzene (wg/kyg) oy g ain 1wy ? VLT 86 u Q2> 0ot 49 = a 590 o 0t o o
~J 2 4-Dimcthyiphenal (mgreg) T 0 &5 788 1 1 815 24 a il 0 G1L 4g & 190 [ 1t
2-methyipheno (Bg/aqt 74 0 &2 186 7 [INT.1] 1 s4c a2z aort a9 G 190 ¢ 201 ar s
4-#eLhy Iphenal (g/kg) P 1 t7} 81 ) 7 440 et a - g ait 43 ¢ 19¢ & 20 LI
Pheto! imgiegt 43 § FRELT 441 13 4 &12 R LI S o G 9 - 0 130 o s a1 1
ROTAL DET < k0 SEMIVOLATILES 4 570 15 158 1 6 Q tid FRLTT) » iU e4
BLH'S
Arockar- 1262 (ugrkg) a3 g ¢ auh 70 580 a &49 0 454 i ang a7 000 [ty & 60 !
Araclos-1260 ( QsEg; o0 4 g 017 313 11y 1 934 2an tiy o 90y 230 000 0 4% [ AT (S
TOTAL DETRCTED AR OHY [V FAFY S AT G D06 [BRAY! 1! “u
MIUCHIUF oD IpRENY 15 (ug/kg %0 uoa 293 a 0as o gan i o 900 300 u fia o UGt
pechlotobitpheny | £ tugrkyl 4 7 U wat 5 §57% 0 038 [ 3R 1Y o) 2 006 1 600 o Ol [ AT
Trichlorobioheny t s (ug/kg) 58 u o2 12 718} 0978 ¢ 940 31 Qa0 20 toq g 07a 0 078
; Tetrachigroguphienyls (ugrsxg) (L] O Qo 19 567 0 067 0 gea NEY a 0% 15 000 g G3% B 338
s Pentachiotod phenyt s tuareg) 3% 0 o 00 10 100 Q Ob4 0 ced o4 200 4 GOD 6 iz IRV
Hexachilorobiphenyls (ugreg) 1T a ¢ 004 11 060 o 240 0 214 +9 0 90t [P Ei [ LL ¢ Anl
teptachlotab,.pfein bs (Ug/kg) T s aQ al 2l oy? a 141 D 14} Hn (a0 b 1 [}1%) o I @ IR
Qtachilarahitgreein Iy cugrhg) [L{I"} [« ST LY L 1] 0 dis a ouyl LY [T [T ] [ YR o LAt
ity Bt Gt gl e 4y cugia gl B La) N X1} NG
Gecdaiilotul cuhimind (uygsig) N & 13 (2 1] L ¥

MNOTES
MA B PoT Alalyied
fal N & rxf Derlected deleciion Limit not detetmenesd tot ¢ongener andiysis
[(B] Torel Solids dand futdl Ash contents of water sappies ace calculated Bdiced an Fe sum of the Tobtdt Dusyelved Sofds plus the tolad Stospetubest Sadb b
AP 0 1 ssh mings the vobalile Suspendsd saicds
ol acswed wabue
Maa st il e it wl sl (euidu flus 73 glaAms tarmantdd A0 udeiktat by dur tng e dleaany g
Rtpeted walue (5 aeethod doetecliofn gt
2 dntly of mater 15 Aassumed to bhe | kgt

oy
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0842 Tagtt C-b

Detasied miss Batance - deaclor 2360
Phase 4 Biodegtadatian dlady

Sheetdan Disposal Shte - feasibility Slndy

lime fefo (4] Mg b Reactot 230G - mi<robe masiess
thavember (0 1987 )
3 water Studge watet Siudge frrent
; MR EF s iemedmammmmsaacat L. emaeeme=saaaans [ fotal 0 e e D L R Tortal [ VLR
“ conc sy <ane [ TR mEis cane LYE1] one (233 miys Kemruad
: PARAME TER tas noted) (grams) tas nated) igtams) (Qréms) {25 nutedi (grams: (as noted; (Prams) RgFams (1 %)
E WATER X.:5 51240 57 140 57240 sTHan a4
SLUDCE A S ivEl  wi %} N 4 13 o idd 114 4 3te% (di ls40 4% 3
SIUDCE MA LT MY mt W) a7 an? 43 7 irso 1187 u 57 Ib} 128 e 7 2451 e w9
Q1{ & GRE4r Wt B 2 01 (¢l [] Ja nr2 178 a a2 lci (R} 40 % 1.1} [L¥33 23 ¢
VOLATILES
Benzene (/K)o is 4 200 96 7 V252 [ L aQ o5 - 400 a5 o a0z & g0l G
k: Ethy lbenz-ne "MQ/Eg) 3z 0 a0 M7 4 911 3 0%. Q 033 + Q90 a5 0 002 g o2 ELUL )
3 Styrene (/i) F ] G 129 4517 244 ) Rl 4} 0 005 ¢ Qa0 a5 8 032 O i3] 9% 8
5 Tetrachloroet ene (mg/kg) 3. 0 Gy 59 2 o 3¢ o a 6o% ¢ 009 a5 9 00z 0 ol 9% 8
k. talusne {ng ek, 6 1 a M9 840 0 3 146 5 byt 0 0% ¢ gag oS 9 002 0 0a2 g 0
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the distribution of congeners within a reactor therefore can be
an indication of biodegradation. The distribution of congeners
in each reactor at day 71 are plotted against the initial con-
gener distribution in the sludge in Figure C-1. For the time
zero data, 95% confidence intervals around the congener data
were calculated and are shown in Figqure cC-1. A significant
reduction in the relative proportions of mone thrcugh penta
chlorobiphenyls indicates that significant biodegradation of
PCBs may have occurred. The degree of the shifts also corres-
ponds well to the relative amount of reduction obsgerved between
reactors, (i.e. Reactor 2200 showed more reduction by both anal-
ytical methods than Reactor 2100, which showed more than Reactor
2300 by both methods). The conclusions based upon these data
should be considered tentative due to the state of development
of the GC/MS PCB analysis.

The reactors were shut down after 186 days of operation (May 24,
1988). The wet weight of residue in the bottom of each reactor
was measured and samples of the residue were frozen for possible
future analysis. Very little additional reduction in wet mass
aoccurred in any of the reactors between dav 71 and dav 186,

PHASE SEPARATION STUDY

is a supplement to this biodegradation study, a short study was

:nducted to investigate the phase separation phenomenon which
occurs during biological treatment of the sludge in stirred
reactors. Initially, 31.5 pounds of pond water and 3.5 pounds
of sludge were added to a six gallon reactor with a 1/15 HP
mixer. Volt and amp measurements on the power supply to the
mixer were used to monitor the mixing energy in the reactor.
Mixing energy was maintained at high levels relative to that
typically required for activated sludge (i.e. 4.5 HP/1000 ft? or
more compared to 0.6 to 1.15 HP/1000 ft3).

Phase separation occurred within 24 hours and tar ball formation
occurred within one week. Within two weeks the tar balls had
become relatively firm and did not tend to agglomerate together
in large masses. The size of the balls decreased with time and
were 1/8 to 1/4 inch in diameter or less at the end of two to
three weeks.

Higher mixing energies (>8 HP/1000 ft3) caused an increase in
the size of the tar balls. This phenomenon was apparently due
to a snowballing effect from the rolling of tar balls around the
cdge of the reactor.

COMPOST. REACTORS

Drs. Bumpus and Aust of Utah State University (both previously
of Michigan State University) have been working with a lignin
degrading White Rot Fungus for several years and have published

c-9
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numerous papers documenting the ability of this funqus to de-
grade many compounds which are otherwise resistant to biodegra-
dation. The ability of the White Rot Fungus to degrade PCBs in
the Sheridan Pond Sludge was assessed in three compost reactors
in which sludge was mixed with wood chips at ratios of 1:4 and
1:8 and seeded at two ratios with an active White Rot Fungus
start-up culture. None of the three compost reactors showed any
promise of sustainable activity and no samples were taken for
analysis after day 32 af the study.

Cc-11
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A variety of treatment technologies were evaluated in parallel
with the production of the Sheridan Disposal Services site
Source Controcl Feasibility Study. This report summarizes the
testing of stabilization and solvent extraction to develop site-
specific data as a basis for assassing the feasibility of these
technologies. Stabilization was found to be sufficiently feas-
ible to develop a basis of design for use in the Source Control
Feasibility Study in determining the cost of stabilization
alternatives.

Stabilization was tested by stabilizing a composite representa-
tive sample of pond sludge with stabilization blends that var-~
iously includad fly ash, Portland cement, quick lime, rice hull
ash, sodium carbonate, sodium silicate and soil.

These adnixes were evaluated based on their relative ability to
control constituent leachability and to meet an engineering
criteria of 15 psi unconfined compressive strength. Admixes
without soil were found to reduce the leachability of volatile
organics by half. lLeachabllilty cf samivelatils cryzrics was not
measurad. Admixes without soil were found to shriux after mix-
ture with the pond sludge, and to produce free water that must
then be drained and treated, but admixes with soil eliminated
shrinkage and the production of free water. Admixes with and
without soil were able to meet engineering criteria for
strength. The stabilization system used as a basis of design
was a soil and fly ash admix blended in-situ with a backhoe and
a proprietary injector/blender mounted on a backhoe.

Solvent extraction was considered for pretreatment for incinera-
tion. The suitability of this combination of technologies is
evaluated in this report.

SUMMARY

O
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PHASE 1 STABILIZATION AND SOLVENT EXTRACTION
TREATABILITY TESTING REPORT
FOR
SOURCE CONTROL FEASIBILITY STUDY

1 -~ INTRODUCTION

Review of remedial action alternatives early in the Feasibility
Study process indicated that certain treatment technologies held
important promise for the remediation of this site. The effect-~
iveness of these technologies was expected to be site or waste
specific, necessitating testing on materjals representative of
the site. For this reason, a representative composite sample of
pond sludge was collected for treatment testing. The pond
sludge was fully characterized and bench tests for biological
treatment, solvent extraction and stabilization were conducted.
Incineration was developed as a concept design based on charac-
terization data. Biological traatment and incineration results
are discussed in separate documents and stabilization and sol-
wrant evtraction testing are discussed herein.

Stabilization includes a variety of pozzolanic and cementatious
processes that have been develcped to incorporate dissolved
constituents in wastes and sludges as a part of a rigid matrix.
Heavy metals react to form immobile colloidal hydroxides and
large organic molecules become effectively immobilized.

Solvent extraction is a broad term used in industrial solid
waste treatment to identify treatment technologies that use sol-
vents to segregate sludges into discrete oil, water and solids
fractions for subsequent treatment or disposal. The resulting
0il phase can be incinerated or possibly recycled and burned as
a fuel, the resulting water can be evaporated or treated and
discharged, and the resulting solids can be landfilled.

Note that there are treatment <technologies that segregate
sludges into oil, water and solids without solvent extraction
such as chemical treatment followed by physical separation in a
centrifuge.

The following sections describe solvent extraction technologies
in more detail, present testing methodologies and results, sum-
marize laboratory and vendor data, and develop concept designs
if the technolngles prove Tz Lz £zasibla.,




2 - STABILIZATION TESTING
2.1 gGeneral

For eass of reference, the term "stabilization" in this report
is used interchangeably with the terms "solidification" and
“fixation". These terms are defined in the EPA publication,
*Guide to the Disposal of Chemically Stabilized and Solidified
Waste®" (Malone et al. 1980). Stabilization and solidification
both refer to waste treatment processes that make the waste
easier to handle, decreasa the surface area of the waste mass
across which transfer or loss of wastas constituents can occur,
and limit the solubiiity of the waste congtituents. The term
“fixation" is also used in the waste treatment field to describe
a process that nmight also be described as stabilization or
solidification.

Most stabilization systems being marketed today are proprietary
processes involving the addition of absorbents and solidifying
agents to a waste, and the processes ars often changed to deal
with specific wastes. The EPA's "Handbook for Stabilization/

Sclidification of Hasacdcus WYastes" (Army Engineer ‘aterw:ya
Experiment Station, Vicksbury, 1986) 1lists and explains 1in
considerable detail the following systems that are potentially
useful in remedial action:

a. Lime-fly ash pozzolan processes
b. Pozzolan-Portland cement systems
c. Thermoplastic microencapsulation
d. Macroencapsulation

Lime/fly ash pozzolanic processes use a finely divided, non-
crystalline silica in fly ash and the calcium in lime to produce
low-strength cementation. The waste containment is produced by
entrapping the waste in the pozzolan concrete matrix (microen-
capsulation).

Pozzolan-Portland systems use Portland cement and fly ash or
othar pozzolan materials to produce a stronger type of waste/
concrete composite. The waste containment is produced by
microencapsulsation in the concrete matrix. Scluble silicates
may be added to accelerate hardening and metal containment.

Thermoplastic microencapsulation involves blending fine parti-
culate waste with welted asphalt or other matrix. Liguid and
volatile phases associated with the wastes are drivan off, and
the wastes are isolated in a mass of ccoled, hardened asphalt.
The material can be buried with or without a container.




Macroencapsulation systems contain a waste by isolating large
masses of waste using some type of jacketing material. The most
carefully researched systems use a drum or a polyethylene jacket
fused over a monolithic block of solidified wastes.

The processes tested for remediation utilize lime-fly ash pozzo-
lan processes and/or pozzolan-Portland cement systems. Thermo-~
plastic nicroencapsulation was not evaluated because solvent
constituents in the waste are not likely to be compatible with
the asphaltic encapsulation matrix. Macroencapsulation was not
evaluated because it is labor~intensive and would be prohibi-
tively expensive considering the large volume of the pond
sludge.

2.2 Objectives

The objectives of solidification are to: 1) reduce the mobility
and toxicity of the waste and 2) increase the strength of the
waste for handling, trafficability and structural support. The
strength of the stabilized waste is measured against engineering
criteria established for the site.

2.1 er +,q Lrieg] ‘or strengti

The “Handbock for Stabilization/sSolidification of Hazardous
Wastes" (USEPA 1986. PB87-116745) shows two methods of determin-
ing the ability of a waste to support a load. The cone index or
California bearing ratio (U.S. Army 1972) involves forcing a
standard cone into a sample of soil. It is typically used to
exanine the trafficability of a subgrade soil. The unconfined
compressive (UC) strength (U.S. Army 1972. ASTM D2166~66)
measures the bearing capacity and shear strength of cohesive or
cemented materials.

The initial (as mixed; strength of the stabilized material is
alsgo a practical indicator and the UC strength of the materjal
should be at least 5 psi for ease of handling. Strength, and
therefore handleability (and trafficability), increase with
time, however. Some mix designs have no initial strength and
almost flow like a cement grout, yet harden into a concrete-like
monolithic mass.

The 24-hour strength of the stabilized material should be suffi-
cient to support and be handled and compacted by conventional
earthworking ecuioment. Conventional track-tyve loaders exert
ground pressures of 8.9 to 1i.9 psl (65 to .10 HP). Equivalent
low ground pressure track-type loaders exert ground pressures ot
4.7 to 9.1 psi (Caterpillar Performance Handbook 1986). The 24-
hour UC strength for trafficability should thus be at least ten
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psi, and one contractor uses 14-15 psi as a rule of thumb. The
important strength of the stabilized material is not necessarily
related to long-term structural soundness, however. The mater-
ial's ability to support the entire load of the landfilled waste
and landfill cap is relatively unlimited as long as it is
adequately confined.

2.4 Previous Testing

In 1985, the Sheridan Steering Committee evaluated sludge stabi-
lization to develop a conceptual design for closure based on
engineering criteria for strength. This evaluation focused on
the stabilization of pond sludge to allow earthmoving equipment
to operate over the stabilized mass and to attain sufficient
load bearing capacity to support a cap.

A laboratory testing procedure was established based upon the
use of the shear strength of stabilized sludge samples as an
indication of the cohesiveness of the materials. It is xnown
that for shallow footings a relationship exists between measured
shear strength and ultimate load bearing capacitv, where bearing
caparity was about five time. chear strength. 3Since nydration
of the admix materials over time would have an impact upon co-
hesiveness, samples were premixed and sealed in plastic bags for
varying periods of time prior to testing. It was determined by
shear strength testing of control samples that a 72-hour "“cure
+ime" would provide reproducible results.

Both quick lime and power plant fly ash were evaluated at that
time as stabilization agents, in view of their hydration pro-
perties. On-site soils were used as a bulking agent in combi-
nation with these stabilization materials. The results of these
evaluatiocns are given in Table 2-1.

A "worst case" leachate was then prepared by crushing stabilized
wastes and subjecting them to the TDWR leachate determination,
with the results (mixture ratios were not identified in the
report) shown in Table 2-2.

Laboratory tests were conducted to evaluate the properties of
the wastes solidified with the most efficient admix agents. The
following results were obtained:

1 i) t

additives
-.: i- L,I Ei - ih s_i] ﬂi]d Q..Jgt- vjmg

Parmeability (cm/sec) 4.8 x 108 5.7 x 107
Density (lb/ft?) 93
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Stabilization Testing
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TABLE 2-2
1985 CHEM;CAL ANALYSIS DATA
o= _ization Testing
Usin. . R Leachate Test [
Fly Ash Quick Lime
Barapeter ~Admix Admix
pH 7.8 11.1
specific Conductance (umhos/cm) 1220 4140
Chloride (mg/l) 525 255
Sulfate (mg/l) 27 127
Chromium (mg/1l) 0.03 <0.01
Lead {mg/l) <0.01 <0.01
Zinc (mg/1) 0.01 0.02
Total urganic carbon (nos 1) 498 932
Oil and Grease (mg/l) 162 246
Phenolics (mg/l) 28.6 37.5
Total Organic Chlorides (mg/l) 0.93 1.16
Polychlorinated Biphenvls (mg/l) <.050 <.050
fai Texas Department << ' ter Resource Industrial Solid Waste
Manay2iernt Techni . Juidsline No.l, Revised 5-11-82
{Subccgucontly the | ixs Wa er Commission Industrial Solid

Waste Management T._ .nical Guideline No.l, Revised 12-6-

85). 250 grams of :..terial is leached in 1 liter of

deionized or distili.d water for seven days.

2-5

D-9
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These tesgts also showed that the stabilized pond sludge will
shrink in volume and produce an equal volume of free liquid. A
subsequent round of tests showed that admixes with soil elimi-
nate shrinkage and free water production.

2.5 Test Methods

The more rece:nt testing focused on the effective reduction of
mobility and toxicity of the pond sludge constituents. An
initial series of tests of admixes without soll showed effective
reduction of mobility and toxicity,

Stabilization was attempted using fly ash and proprietary sta-
bilization methods. ERM-Southwest tested simple fly ash mixing
(using fly ash from the HL&P Parish plant in Houston, Texas) and
the following three vendors were asked to test their own propri-
etary technology:

1. ENRECO, Inc. in Amarilla, Texas
2. SOLIDITECH, Inc. in Houston, Texas
3. Chemfix Technologies, Inc. in Metairie, Louisiana

The vendors were asked to svapliize samples ac Lu-foid, ~70-
fold and 1000-fold reduction in leachate concentration of lead,
where the choice of lead as a target metal was arbitrary. Con-

trol samples were not produced to evaluate volatilization of
organics during mixing and curing.

The chemical laboratory used was ENSECO Rocky Mountain Analy-
tical Laboratory in Arvada, Colorado. They tested for HSL
(hazardous substance list) metals in a TCLP (toxicity character-
istic leaching procedure) Ileachate. Methods for metals and
organic compounds are primarily derived from three sources of
EPA methods: 1) the methods promulgated in 40 CFR 136 for pri-
ority pollutants; 2) the methods published in SW-B46; and 3)
methods developed by the EPA-EMSL/LV for Superfund investiga-
tions, as well as several documents published by the EPA and
ENESCO-Rocky Mountain Analytical Laboratory in 1984 and 1985,

The geotechnical laboratory used was McClelland Engineers in
Houston, Texas. Sample molds were prepared by the vendors per
ASTM 1632-79. Permeability was tested per EM~1110-2-1%06 Appen-
dix VIII. As in previous testing, shear strength was measured
as compressive strength. Shear strength was measured rotating a
vane/spring testing tool at 6 to 12 degrees per minute.

2.6 Stabilization System

ERM~Southwest prepared fly ash stabilized samples for testing
using fly ash from HL&P's Parish Plant in Houston, Texas. Ash

2+5
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was added to a sludge sample until it was estimated that the
mixture became stiff enough to be easily handled by earthmoving
equipment. This proved to be a mixture of 3:2.5 (ash:sludge by
weight). While it is not believed that the use of fly ash alone
to stabilize wastes is proprietary, the most cost-effective
methods for obtaining a uniform mixture in the fleld may be
proprietary.

SOLIDITECH's proprietary Urritech solidification process uses
the combination of a proprietary chemical catalyst and a pozzo-
lanic material such as fly ash or kiln dust. The process works
by cross~linking organic and inorganic particles in the mixture
through a five-phase cementation process. Compressive strengths
in excess of 4000 psi (concrete typically ranges from 2000 to
6000 psi) have been achieved in organic sludges. This process
has, the vendor says, successfully been used to solidify (the
vendor's meaning of that term is unclear) API separator oils and
PCBs, as well as other organic wastes. The vendor determined
that this process would cost between $60 and $150 per yd? for
in-situ treatment, depending on further testing. In later dis-
cussions, the vendor said that the volume of the treated waste
increzased 1954 cvor the untreated waste.

ENRECO is a stabilization contractor who utilizes a variety of
stabilization agents and mixing means, but who markets a pro-
prietary injector/mixer system for in-situ waste stabilization.
By this system, ENRECQ treats a waste impoundment perimeter
using the injector/mixer system installed on a large backhoae,
then works from the stabilized material to treat a new, smaller
perimeter. Each perimeter 1is used as a platform to treat the
naxt until the entire impoundment is treated. The vendor esti-
mnated that the cost of stabilization would be between $45 and
$65 per yd® -- a relatively high cost because they found that
the pond sludge was ‘“difficult to set", i.e. common
stabilization mixes were not sufficiently stable. This cost is
independent of the different stabilizing agents used to produce
the samples for this study.

After 15 trials, ENRECO submitted the following samples:

ENRECO Sample No. 1/1¢0 1/100 1/1000
ERM~Southwest Sample No. TREAT-21 TREAT=22 TREAT=23
Sludge (9) 1095 1095 1085
Rice Hull Asa (g) 5o 3546 550
Purtiand Cement (u) 342 342
Sodium Carbonate (q) 100

2~7
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The sample numbers reflect the direction to the vendors to
reduce leachate lead concentrations by a factor of 10, 100 and
1,000. That proved to be an ineffective direction because the
leachable lead concentrations were insignificant.

Later, the vendor submitted data for 13 additional trials uti-
lizing soil with Portland cement or fly ash as admix.

Chemfix Technologies, Inc. could not submit fixed samples to the
chemical laboratory in time for scheduled testing.

2.7 orat su

Chemical laboratory results are summarized in Tables 2-3 and
2-4, Geotechnical laboratory results (Attachment 1) are
duplicated in Table 2-5. Note that SOLIDITECH, Inc. did not
have sufficient waste sample volume to generate geotechnical
testing samples. ENRECO's second set of 13 test runs is sum-
marized in Table 2-6.

Volatile organics data summarized in Table 2-3 include: 1)
analysis of the untreated =lulge zz a direct analysis and a: a
TCLY l1eacnate and 2) analysis of uwne treated sludge as a TCLr
leachate. Chemical analysis of organic constituents was limited
to volatile organics because it is widely known that nonvolatile
organics can be effectively immobilized by stabilization. Nine
ve:iatile organic constituents were detected in the TCLP leachate
of the untreated waste. Generally, stabilization reduced the
TCLP leachate concentrations by 50%. Note, however, that the
SOLIDITECH stabilized waste is ND (not detected) for benzene.

Metals data summarized in Table 2-4 include: 1) analysis of the
untreated sludge as a direct analysis and as a TCLP leachate and
2) analysis of the treated sludge as a TCLP leachate. The data
show that stabilization generally had 1little effect on the
leachability of metals as measured by the TCLP. Lead was unde-
tectable in both treated and untreated leachates. Arsenic, on
the other hand, actually increased in concentration when the
waste was stabilized.

Gaotechnical testing data duplicated in Table 2-5 shows that fly
ash stabilization yields a very iow permeability, but has poor
structural strength relative to stabilization by vendors. All
stabiljzation treatment without soil appears to have freed liq-
uidg from the waste, creating the need for drainage. collaction,
t.ransport. wastewater trcuinent discharxge. Comprassive strength
{based on shear strength tests) does not meet the engineering




Table 2-3

Chemical Analysis Data Summary
Voiatile Organics - Stabilization Testing

TCLP Leachate., mQ/|

SOLIDI - ENRECO
Datecied HSL volatiles Fivash

ERm-S0outhwest Field NO. TREAT-0 TREAT-32 TREAT-61 TREAT-22
RMAL Lab ~No. 63942-2 64298~ 64298-2 64435-1 64417-2

Acetone

Benzene

2-Butangne
Chiorobenzene

1. 1-Dichlioroethane
t.2-Dichioropropane
Etnyl benzene
2-Hexanone
4~-Methyi-2-pentanone
Styrene
Tetracl.loroethene
Toluene I .48
trans-1.2-Dichiforoethene ND ND
Trichlioroethene ND
Total Xyienes 3.4 .7

—

0 59 0.55 ND
1.1 ND 0 9N
0.92 0.53
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ND ND
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0.14 ND
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0.95 .47

0.074 ND

o

. [w] <

o C ek P

F= P Y - S T I B
L R T Y T T R N Y- I Y

-
[ %

NOTES

fal The use of the TCLP does not constitute acceptance of this test method.
[b]l ND = ~Ot detected.




D664 TABLE 2-4
Chemical Analysis Data Summary
Metals - Stabiitcsation lesting

1CIP teachate, mg/l [al}

_________________________________________________________________________

e e e b e e e A e e E E R A m E e m E TR E R M oM A mEa e m e M M MR A s e — m e om = -

Raw ENRECO ENRE CO ENRECO

HSI. mrtals Haw teachate "iyash 1/ 19 /100 1/ 1000

ERM-Southwest Field No. INCIN-0 TREAT-0 TREAT-32 TREAT~21 TREAT-22 TREAL-23

RMAL Lab to. 63942-2 654298-1 64298-2 64417-1 6€4417-2 64417-2

; Aluminum 2300 0.7 ND [b) ND ND ND

3 Antimony 12 ND ND ND ND N

Arseaic 0.064 0.084 ND 0.07 0 18

4 Barium 820 0.9 0.3 0.4 1.5 0 6

Beryilium ND ND ND ND ND ND

g &2 Cadmi um 2.7 ND ND) ND ND N

g L 5 Calcium 5200 92 790 150 1580 790

Chromium 160 Q.03 ND ND ND 9 Q3

1 Cobalt 3 0.05 ND 0. 03 ND NP

Copper 130 ND ND ND ND ND

lron 4300 18 ND 6.7 N N

Lead 310 ND ND ND ND Ni)

Magnesium 920 19 53 44 22 12

3 Manganese 71 0.88 0.16 8.5 0.02 0 01

3 Mercury ND ND ND ND N

: Nickel 69 0.33 ND 0.25 ND N

Potassium NE ND ND 100 60 70

Selenium 0.004 0 05 ND N ND

Sitver () ND NO) ND N0 ND

Sodium 2200 ND ND ND 31 ND

Thatlium ND ND ND N Ni

Tin ND ND ND ND ND Ni}

3 vanadium 25 0.07 0 319 D.04 0 23 0 76

E Zinc 470 0.7 ND 08 ND NI}
NOTES

[a]l The Lse of the TGP does not constitute acceptance of this lest method
[hj ND = Not Detocteud
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s1-q

Ti-¢

Da21

H5L Metals

EREM-Sauthwest Field NoO.

Phivsical Description

Cohserved shrinkage [(a] (%)
water content (%)

it dry weight (Ib/7ft3)
Permeabiliiy (cm/sec)
Shear strength (ih/ft2)

Compressive Strength (bl (ib/in2)

Cure Time f{days)

NOTES:

i1l Shrinkages shown are longitudinal.
with a “"dark blackish green
alone was afso noted to have shrunk

TABLE 2-5

ceotechnical Apatystc Data
Stabilization Tesiing

Five times shear strength {(different units also)

liquid about

ENRECO
Flyash 171G
TREAT-32 TREAT-21
very soft

tended to - |ump

R L R R o o=

5 10

30 54

92 53
1.9-7 1.2E-5
20 60

0.7 2
12 40

lateratly (by about

2

P

ENRECO ENRECO
17160 1/ 1000
TREAT-22 TREAT-23

stiff, very friabie,
ends twice the
consistancy of the
middle

R e e

1 1

35 35

65 69
5.0E-5 1.2E-5
420 2250

15 78

40 40

The void caused by shrinkage was Tilted
the consistency of water™.

IREAT-23
5%} .




0422
Table 2-6
’ vendor Test Data Summary [ 1}
Stabilization Jesting
vendor Samp.¢ Jumber 1 2 3 4 5 6 7 8 9 10 11 12 13
O3 B1end
i Studge (g- 1140 1140 1140 1140 1140 1140 1140 1140 1340 1140 1140 1320 1t30
Soli (g. ve!t wt. ) 2] 3760 3760 3760 13760 171 1710 1710 1710 910 910 910 910 1760
Portiand Cement (g) 11 23 --- .- 2% 45 --- --- 23 46 --- --- --
Fly ash (u) --- --- 23 46 .- --- i 91 - -- 6 91

uc Strength [31]

Qo 1 Days (psi) 39 63 47 63 w2 15 40 --- <y < i 4

- 2 bays (psi) 53 --- 53  >63 23 31 28 »63 --- <1 <1 1 8

i 7 Days (psi) 51  --- 63 63 2. 33 19 >63 <1 <1 3 20 13

1E§ vVolume increace % (4} 13 18 6 3o 5 15 12 kY --- --- --- -=- SR

wet Density (ib/ft3) (5] 93 95 106 98 99 103 105 108 T P T EE

; Free Water [6] no no no no 1] nG no no yes yes yes yes  ---
NOTES:

{1] Data sutmiitted by ENRECO. Samples were prepared on December 17, 1987 using admix designs of their selections
{2] Soil supplied from SDS site near MW-40 (south of Clark [ake npear road).

(3] Unconfirad compressive strength measured with a pocket penetrometer.

{4] Changes in voiume measured after mixing soil with sludge

{53 Time afier mixing was not identified by vendor.

[6] verbal communication with vendor., sample 13 not discussed

Ceneral - Meaning aof "-" not identified by vendor.
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criteria of 15 psi until Portland cement is added (Table 2-5) or
uritil scil plus fly ash or Portland cement is added (Table 2-6).

For purposes of developing costs for stabilization alternatives,
a stabilization concept is proposed, based on the preceding
data. Note that this concept 1is very preliminary and may be
further developed to produce a more cost-effective remediation.

Stabilization, as proposed, will feature in-situ mixing with a
rice hull ash and Portland cement admix blended with an
injector/mixer. The stabilized sludge will be a 1:0.5:0.3
mixture (sludge weight:rice hull ash:Portland cement weight),
and will result in a volume increase of 20%. This blend is
bagsed on sample number 1/100 in Section 2.6 and volume increase
is based on sample numbers 1 through 8 on Table 2-6.

2.9 Future Stabilizatjon Testing

The Phase 1 bench scale study was preliminary in nature, in that
it fcousci on confirming the via:Ility of stabillzation c¢i *“h»
pond sludge, and on determining the cost ot stabilization for
comparison with other technologies, Additional testing is
recommended, as stabilization has proven to be cost-effective
both as a separate alternative and as supplemental treatment to
other alternatives. A Phase 2 bhench scale study is needed to
more accurately define design parameters, to establish a
leachate performance criterion, and to identify candidate
stabilization blends. A Phase 3 field scale study may then be
needed to confirm the Phase 2 results, because bench scale
testing of stahilization does not adequately quantify the
problems of full scale blending and mixing.

2=-13
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3 ~ SOLVENT EXTRACTION TESTING
3.1 General

A process for the separation of the components of a solution
using the unequal distribution ¢f the components between immi-
scible liquids is called solvent extraction, or mocre accurately
ligquid-liquid extraction. The solution is mixed with a suitable
incompletely miscible liquid which preferentially attracts one
of the components. In the two systems evaluated, the B.E.S.T.
process uses an aliphatic amine to attract water, and the CF
Systems process uses propane to attract organics. The remainder
of the systems are focused on separating the miscible liquid
from the attracted water or organics and on washing the
remaining solids.

Figure 3-1 schematically illustrates the B.E.S.T. process., In
the cold stage, sludges or soils are mixed with amine at 1low
temperature. The mixture ratio is a function of feed composi-
tion, but is often on the order of two parts amine for each part
of sludge. At this temperature, liquid fractions are soluble
arkd suspencsions and erulsions are virtually eliminaced. The
soiids fraction becomes rcadily separable and can be romsved by
filter or centrifuge and dried. Since the amine is alkaline,
heavy metals in the sludge are converted to hydrated oxides
which precipitate and exit the process with the solids fraction.
In the hot stage, the single phase amine/water/oll fraction is
heated to form an amine/oil phase and water phase, which are
then separated by decanting. The final steps in this process
involve solvent recovery, generally by thermal means.

Figure 3-2 schematically illustrates the CF Systems process, and
is self-explanatory. Note that solids washing is not shown.

folvent extraction is promoted by its vendors as pretreatment
for incineration or chemical dechlorination. As pretreatment
for incineration it allows a very homogeneous feed to a liquids
incinerator instead of a large rotary kiln. As pretreatment for
chemical dechlorination it would remove the solid matrix that
interferes with the effectiveness of that process, and results
in a fuel that could potentia_ly be reused.

3.2 Objective

The objective of solvent extraction testing is to determine if
treatmenc of the pond sludge with this process .3 teesibie for
the SDS site and if so0o to develop a conceptual dJdesigi for
piarposes of determining the cost of solvent extraction
alternatives.

D-.& D381
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'‘COLD STAGT 'HOT STAGE'
TEMP 407 TEMP 130F
AMINE /OIL AMINE 1
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AMINE i
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AMINE =
-
e
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i + ERF-Yy0dliiwest, inc FiGURE 3-1
I“ HOUSTON, TEXAS B.ES.T. PROCESS
SHERIDAN DISPOSAL SERVICES
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Simpilified Flow Chart

Here is the CF Systems unit operating cycle, for extracting and separating grganics
from liquid or 30iig waste:

4, Mixture of soivent gas snd
arganics leaves extractor,
1. Solid or liguss waste fed inta passes to separator through
tofs of sxtracior. VEIVE WRere predsura (s
partaily reduced.

4.
Extractor S——--
S.

1 Separator4—

.-—— Compressor

Solid or Liguid

Waste
2 r
2. L3n1:c1ad by cOmMpression u ¢
maKIng non-reactive contact S. 4 separsiofs. exiraciion gas
withy wakty. Soivent m::caliy Jriad and recycieda 33 fresn
solvant,

a:320ives cut up ta 39« of

organica
6. Orqanics drawn o tram

3. Clasn water or water.solids separator. recovetea for
ruxture then removed from disposal ar recyciing as
exntracior. Water Organics feeastacus or fuei.

3." and/or Solids

ot G F, 4weit gas hows
upwirds through exuacior, Sclvent %

@ ERM-Southwest, inc. | FIGURE 3-2
III HOUSTON, TEXAS CF SYSTEM PROCESS

SHERIDAN DISPOSAL SERVICES

I 1 21.88 |uo.no. 91018024 HEMPSTEAD, TEXAS .

3-3
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3.3 Test Methods

The following two vendors were asked to test their proprietary
technology:

1. Resources Conservation Co., in Bellevue, Washington, which
markets the previously mentioned B.E.S.T. process.

2. CF Systems Corporation in Cambridge, Massachusetts, which
markets the other previously mentioned process under their
own hame.

The vendors were asked to segregate the pond sludge into three
residual fractions as follows:

Residual 0il - to undergo further treatment.
Residual Water - clean enough for biological treatment and
discharge.

Residual Solids - dry, free of organics, acceptable for
direct landfilling without  further
treatment.

Because of laboratory constraints on handling PCBs, CF Systems
was unable to treat the wastes in a timely manner. The B.E.S.T.
report is Attachment 2 of this report.

The chemical laboratory used to test the B.E.S.T. residuals was
ENSECO Rocky Mountain Analytical Laboratory in Arvada, Colorado.
To determine if the fractions met the above criteria, they were
tested as follows:

Residual 0il - tested for PCBs to enable a materials
balance for those compounds.
Residual Water - tested for PCBs and oil and grease to

enable a materials balance and determine
if other organics were present.

Residual Solids - tested for PCHEs and oil and grease to
enable a materials balance and determine
1f other organics were present. Also
tested for HSL organics and metals in a
TCLP leachate to confirm that further
treatment is not needed.

3.4 Laboratory Testing Results

Chemical laboratory results are summarized in Tables 3-1, 2-2
and 3-3 (Attachment 3).

3~-4
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D423
Table 1-1i
Chemical Analysis Data Sunmary
PCBs - Solvent Extraction Testing
Treated Pond Siudge
Pond Residuatl Residual Residual
Sludge Oil Water Solid
PCBs mg/kg mg/Kg mg/ | mg/Kg (o))
....................................................... "\
ERM-Southwest Field No. INCIN-0 TREAT-41 TREAT-42 TREAT-43
RMAL Lab ~o £3942-2 64456-3 64456-2 64458~ 1 A
"""
Aroclor 1016 55 <3 2 < (044 <. 08 -
Aroclor 1221 <6.4 <3.2 <. 0044 <.08 O
Araclor 1232 <6 .4 <}.2 <.Q044 0.26
ATOL It ows 5 4 150 <. 0044 <.08
Aroc. o, ceo oL b ~3,2 <.0044 <.08
Arocior 1254 <13 <b.4 <. 034 <. 16
Aroclor 1260 13 29 <.034 < 16
Qil & Crease NT NT 680 1500
3-5

D~22




$
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Tabtlte 3-2
Chemical Anaivsis Data Summary
HSL Organics - Solvent Extraction Testing
TCLP
Leachate,
mg/kg mg/l {al
Pond Sludge

--------------------- Treatment >
Detected HSL Volatiles Raw Residual O
and Semivoiatiles Raw Ledchate solid
________________________________________________ h
ERM-Southwest Fieid NO. INCIN-0 TREAT-0 TREAT-43 -
RMAL Lab No. 63642-2 64298-1 64458~ 1 ~—

, o

Acelone ND [b] 1.2 0.2
Benzene 17N 2.1 ND
2-Butanone N 2 ~D
Chiorobenzene ND 0.311 L]
1.1-Dichtoroethane ND 0.028 ND
1.2-Dichloropropane ND 0.049 ND
Ethy! benzene 580 1.4 ND
2-Hexanone ND 0 45 ND
4-Methy!-2-pentanone ND 25 ND
Styrene 340 1.2 ND
Tetrachloroethene 51 0.11 ND
Toluene 700 5 ND
trans-1.2-0ichioroethene ND 0 045 ND
Trichloroethene ND 0.12 ND
Total Xylenes 1600 4.3 ND
4-Methyiphenol 850 NT [c} 1.3
NOTES

[a] The use of the TCLP does not constitute acceptance of this test method

[(b] ND Not Detected

[c] NT Not Tested




Table 3-3
Chemical Analysis Data Summary
Metals - Solvent Extraction Testing
TCLP

Leachate
mg/l [a}

Treatment
Residual
HSL Metals

ERM-Southwest Field NoG. INCIN-0 TREAT-0
RMAL Lab nNo. 63942-2 64298-1 64453-1

011161

Aluminum 2300 0.7
AL iy 12 ND
RO 0.J64
Barium 820 0.9
Beryl!lium ND ND
cadmium 2.7 ND
Calcium 5200 92
Chromium 160 .03
Cobalt 3 .05
Ccopper 130 ND
lron 4300 18
Lead 310 ND
magnes ium 920 19
Manganese 71 .88
Mercury ND
Nickel 69 .13
Potassium ND ND
Selenium 0.004
Silver ND ND
Sodium ND
Thaliiur ND
Tin ND
vanadium 0.07
Zinc 0.7

N']o.:n.cr\

NOTES:
fa] The use of the TCLP does not constitute acceptance of this test methcd.

[b} ND = ~NOt Detected




The PCBs concentrated in the residual oil except that 0.26
mg/kg, a negligible amount, remained with the solids. Table 3-1
shows that the PCB concentration increased over three-fold on a
dry weight basis when water and solids were removed. The same
table shows 680 mg/l oil and grease remaining in the residual
vater. Leachate testing shows that solids may present a prob-
lem. Table 3-2 shows that some solvents can be leached from the
residual solids. Table 3-3 however, shows that metals in the
residual solids are relatively mobile. TCLP chromium, lead and
mercury are one-half to one-tenth levels regulated as 40 CFR 261
Subpart C Characteristic Hazardous Wastes. Contrary to the
claims of the vendor, concentrations of those constituents are
sufficiently high to preclude landfilling without controls.

3.5 Design Implications

Incineration gains important benefits from sclvent extraction as
feed preparation. The o0il residuals are homogeneous and presun-
ably could be fiuidized with heat and be atomized for incinera-
tion. Alternate’y, the oili residuals can be hauled to a chemi-
cal dechlorination facility for treatment and reuse. Residual
warar pas to be pretrea“ad het<sre heing treated with other =ic:
waatewaters to lower the pH and icmove high levels of oil aad
grease. Residual solids must be monitored and perhaps treated.
Finally, the vendor's report mentions an unsolved problem with
an emulsion buildup in the decantation step.

3-8
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4.1

4 - CONCLUSIONS AND RECOMMENDATION

Conclusions

1.

Stabilization appears to be a feasible technolegy for
the immobilization of organic and inorganic waste
constituents.

Stabilization is known to effectively mobilize heavy
organics, and further testing is underway to confirm
that light organics are effectively immobilized as
well.

Stabilized material should achieve an unconfined
compressive strength of at least 15 psi in 24 hours.

Stabilization admixes without soil cause shrinkage and
the release of free water.

Stabilization increases the volume of the waste being
treated by 15 to 100%, devending on whether soil is
added.

Solvent extraction appears to be a feasible technology
being developed to seqgregate waste into oil, water and
solids fractions for further treatment.

Solvent extraction water residuals require treatment,
and solids residuals require monitoring and perhaps
treatment.

Recommendation

1.

Utilize the preli.inary basis of design developed in
Section 2 and the vendor unit costs for estimating the
cost of stabilization alternatives.

Perform Phase 2 bench scale stabilization of pond
sludge, affected s0il and biotreatment solids to
better define design parameters, establish a leachate
performance criterion, and identify candidate
stabilization blends.

Use B.E.5.T7T. data to estimate the cost of the solvent
extraction alternative,

4=-1
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ATTACHMENT 1

Geotechnical Laboratory Report
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A
McCleiland engineers

P O. Box T40010. Houston. Teuas 77274 Tei 713/772.3700. Teter 762447

October 5, 1987

Mr. Chris Tannar
ERM~Southwast, Inc.

1600 Mamorial Drive, Suite 200
Houston, Texas 77079=4006

Attention: Chris Tanner

Submitted here are the laboratory test results for permeability and shear
strength measurements. The tests were performed on one sample supplied by
ERM Southwent and three samples supplied by ERRECO,

Pricr to tascing it was Onsarvea chac the EFM sample vas approximarel;
174" shocter and L/l5° Less in dimseter zhan the internal dimensions of t*~
molding tube. This void was filled with a dark blackish graen liquid about
the consistency of water. The sample was very soft and tended to slump when
removed from the mold.

The ERRECO samples ware t''a same diameter as the mold, but shorcer.
Sample 1,10 was about [/2" shorter, Sample 1/100 and 1/1000 were about 1/16"
shorter than the mold, All thres samples had lass then 5 ml of free liquid
presant, When sample |/10 was removad from the mold, it's appearance was
similar to the ERM sample. Samples 1/100 and 1/1000 however, were more
seiff, but very friable, and the ends of the samples were approximately
twice the consistency as the middle portion. The vane shear tesc was
performed on the middle porticn of the samples,

We appreciate the opportunity to work with you on this project. If you
have any quastions about the test data please call.

Sincarely,
McClalland Enginears, Ine,

/WW/dw

Kennath W. HLll
Laboratory Supervisar

Enclosuze

KWH/sc

D-28
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vweCleliand Zngineers .- Procedure YNg.: Z2C-Z.w Sata: I/
SJeotecnnizal Censy.tants Hevisizsn Cate: Zerision Yeo.:
Appraoved: Fage 1 of 2

MINIATURE VANE

SCOPE: Described within this section {s the standard procedure of
preparing test specimens, conducting the minlature vane test,
computing and presenting the test data.

REFERENCE

Unit Training Guide on Miniature Vane
McClelland Engineers, Ina., Houston, TX, 1979

TEST EQUIPMENT

The miniature vane shearing device consists of a vane/spring
rotation apparatus, which 1s powered manually or electrically and
shall rotate the top of the spring at a rate of 6-12 degrees per
minute. This apparatus shall have an indicator, which displays
the rotatic- ol waw spring in degrees, The vane sharl consist of
a four-bladed vane that may vary from 172" X 1/2" to ¥ by 1", A

balance sensitive to 0.01 g will be used for weighing moisture

specimens.

SAMPLE PREPARATICON
Specimens should have a diameter sufficient to allow 1/2 inch

clearance between all points on the circuamference cf the suearing

surface and the outer edge of the sample.

Undisturbed Specimens - Test may be run in the tube for thin-
walled tube samples sliminating the need for extrusion.
Remclded Spacimens - The remolded material ls compacted inte a
mold of circular cross section having dimensions meeting the
requiremsents stated earlier,

PRCCEDYRE

Using tha torvans, the 3nil strength is estimated in order to
select the proper vare and vane spring. The end of the sample

D-29
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where the vane will be inserted should be trimmed flat and
perpendicular with the wall of the tube. The tube containing the
sample i{s then clamped firmly in the apparatus. The vane i{s
inserted In the sample to a depth equal to twice the haight of the
vane and the initial reading is taken. Rotation of the vane shall
be initiated either manually or mschanically so as to rotate the
top of the spring approximately 10°/uin. The vane i3 allowed to
rotate until fallure occurs and the final reading i3 recorded.
Spring rotation, however, may not exceed 1800. (Vans springs are
calibrated only to 1800, therafore; whan 180° is exceeded, the
spring could become ovarstiressed which would cause invalid
results.) The vane is removed and a representative sample of the

specimen is secured to determine the moisture content.

Calculations are performed and the results and data ars

ciat2red on Form 16C-2.5 (1979)., Te«s computation are mide and o

results reported as spscified in ASTM D 257-T2. Computations,
graphical plaotting and interpretaticns shall be independently

checked.
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Summary of Teat Results Job No. 0187-030!
Chemical Figxatian Study Date: Occ. 1, 1987
Sample Water Unic Dry Pacumeabilicy Minature Vane
1dentfficatton Content (%) beight (pcf) {cm/aec) Shear Strength (KSF)
ERM 29 92 t.9x10"7 -
30 - - 0.02
ERRECO 1/1C 54 53 1.2X10-3 -
54 - - 0.06
o -5
3 17160 36 65 5.0X10 -
|
35 - - Q.42
1 /1000 n 69 1.2x1073 -
36 - - 225
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ATTACHMENT 2

Vendor Report - Resources Conservation Co.
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B.E.5.T.TM GLASSWARE TEST REPORT
for

ERM Southwest/Sheridan Site Sludge

Prepared by
Resources Conservation Company

3101 N. E. Northup Way
Bellevue, Washington 98004

October 12, 1987

B.E.5.T. Glassware Test Report
for

EpM couthwest,/Theridan Site Sludge
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Introduction

A sample of waste material from a waste impoundment pond at a
site near Sheridan, Texas was submitted to the RCC analytical lab
for a B.E.S.T. glassware siaulation. The sample was received on
7/30/87 in a five gillon plastic bucket. The sample had
fartillly ssparated during shipment; there was an oily water
ayer on top and a semi-gsolid oily sludge had settled to the
bottom. Although the sample contained some lumps of solids,
these could be easily broken down to smaller sizes and screening
of the sample to ensure small particle size was not required.
Aftar mixing the contents of the bucket to achieve homogeneity,
an aliquot was removed for further testing.

Compositional Analysis

The materisl was analyzed for Total Solids at 105°9C to determirne
its volatile (i.e., water) and non-volatile fractions (i.e.,
golids + cil/hcavy arganics) at 105°C.

The dried sludge saaple derived from the Total Solids
determination was then placed into a Soxhlet extractor and
extracted with methylene chloride overnight to gravimetrically
determine cil content. The solids were determined by difference.
The results of these analyses were as follows :

Analyte Result
ofl & 35.
Water % 44,
Solids & 21.
PCB’s 106. ppm

In addition to the above, the heavy metals composition of the
sludge was determined:

Page 1

D-34

011171




Raw Sludge Mstals Composition

Analyte Result, mg/Xg
Aluminum 5,300.
Arsenic 23.
Barium 2.2
Boron 24.
Cadaiunm 1.4
Chromium 170.
Copper 240.
Iron £,800.
Lead 320.
Manganege 76.
Nickel 715.
Z2ine 930.
Strontium 31.
Phosphorus 660.
Selenium 32.
Silver <S5,
Mercury <l.

Triethylamine Compatibility Test

Triethylaaine (TEZA; iz & cozpsun? with a unique chemical
structure, The geometty of the strfucture is tetrahedral, meaning
that the Nitrogen atom is at the center of a pyramid. The four
points of the pyramid structure are occupied by three ethyl
functional groups and one Pi electron cloud. This structure
gives TEA a dual pclarity characteristic. The ethyl groups are
essentially nonpolar, the ?{ electron cloud is polar. This dual
polarity is the reascn TEA works 8c well in extracting sludges
and emulsions that have appreciable water content. However, the
electron pair of the PL orbital can also react with certain types
of materials. In ordetr to determine if this will occur with a
sample, a compatibility test is performed. This involves mixing
of the sample with TEA and making obsecrvations as to the heat of
solution and any other visual signs of reaction.

A 7.95 gm portion of mixed sludge at 67 degrees r, was mixed with
100 mls of TEA that had been chilled. to 18 degrees F,. The
initiasl temperature of the mixture was 41 degrees r. indicating
that no excessive heat of solution or reaction would De
encountered. The TEA quickly turned browns/black in color
indicating that the oils present in the sample are readily

soluble in TEA.

Bssed on the favorable results of this preliminary test, it was
decided that the glassvare B.E.S.T. siwulation should gpiocsaed.

Page 2
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Sludge pB Adjustment

TEA can be lonized at low pH to triethylammonium salts which
cannot be reaoved from the products. The basic nature of the TEA
will buffer the pH of the sample to approximately nine. The TEA
spent in the pH buffering will be 1lost as a TEA salt. 1In order
to efficiently recover the TEA from the separated sludge products

{(oil, water, and solids) the pH of the sample is adjusted to
about 12.

A 12.3 gm portion of sludge was mixed with 100 mls of water. The
pi of this aixture was measured to be 6.4, indicating that
caustic would need to be added. Incremental portions of 50 %
caustic wvere added to bring the sample pH to sbout 12.0. The
average amount of caustic that was required to perform this pH
adjustment was equivalent to 65. mls of 50% caustic per kilogram
of sludge. Exact caustic requirements for full scale treatment
of this material would have to be determined in a separate study.

Sludge Extraction

Based on the caustic dosage information obtained previously, a

600 gram portion of the siuiye dampie was p8 ad*ustesd by sdding
39, mls of S50 % caustic piricc &tz TIN coutracrtion. Atrer pH
adjustament, the sludge was chilled to 40°F and then was added to
three litres of chilled TEA. Mixing was pecrformed by an air
driven prop mixer in an open top beaker. The mixer was able to
induce adequate mixing in the beaker, indicating that no mixing
complications should arise during full-scale operations, As
expected, the solvent became dark colored indicating that oil
extraction was taking place. After a residence time of thirty
minutes the mixing was stopped. The mixture’s solids fraction
was primarily composed of two types of particulate solids; a
layer (approximately 10%) of finely divided light fluffy solids,
and a heavier layer of gritty solids of much larger particle
size. The particulate solids were observed to readily settle to
the bottom of the beaker {mmediately when aixing ceased. The
fines remained in suspension.

The cool T.E.A./sludge mixture was then centrifuged in a floor
nounted centrifuge to remove solids.

337C mls of centrate (specific gravity @40°Fe= 0.75) and wet
solids (240. gm) wete obtained after centrifugation.

An additional wash step employing similar conditions to the first
ext-action wae carried out to further remove residual 0il and
Grease from tho wet sulids recoverea during the tizst ex:ra.iion.
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After the second TEA/centrifugation step, 3000 mls of centrate
{spec. gravity €40°F= 0.72) and 254. grams of wet solids were
obtained. The wet, washed solids were dried at 105°C to evaporate
TEA. The dried solids were labeled Product Solids.

Chemical analysis of the Product Solids yielded the following
results:

Product Solids Analvysis

Analyte Result
Residual Triethylamine 370. ppa
Residual 0il and Grease {(freon) 1.2 %
Residual PCB’s 0.7%
Total Metals Analysis;
Aluminus 26,000.
Arsenic 150.
Barium 54.
Boron 10¢.
Cadmium 16.
Chromiua 8040.
Copper 670.
Iren 26,000.
Lead 1,600.
flunganess 3540.
Nickel 280.
Zinc 4,300.
Strontium 199.
Phosphorus 3,400.
Seleniun 140.
Mercury <10.
Silver <1l.

Product Solids leachability, as indicated by the EP Toxicity

extraction test, showed the following results for the leachate:

Analyte Result, =mg/L
Arsenic 1.3
Bactium 17.
Cadaium . 0.06
Chromium 4.0
Lead 3.3
Selenium 1.2
Silver <0.02
Nickel 13.9
copper .
Zinc 25.
Metcoury “.i
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Toxicity Characteristic Leaching Procedure (TCLP} extract metals
analysis (mg/l);

Analyte Result, mg/L

Arsenic .96
Bariua
Cadmium
Chromium
Coppet
Lead
Nickel
Zine
Selenium
Mercury
Silver

[
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Decantation of TEA/01il from Water

The centrate from the initial TEA/8ludge mixing was heated to 140
F. to effect the separation of the aqueous and organic fractions.
vhie dacantation was nerforwed ia & four-litre separatory funnel
immersed in u hwacted wal@r D&%t to control thermal loss. [Jhy
centrate was allowed one half hour of quiescent time at the
elevated temperature prior to decantation. Separation occurred
readily, but the presence of an emulsion ‘rag’ layer was noted
which did not subside under the conditions of the simulation

decarnitation.

Observations indicated that maximum separation was achieved in
the first ten minutes of the decantation. The decanted centrate
was separated by draining off the lower (water) layer. A water
layer volume of 203 mls (spec. gravity 9140°F«.93) was recovered.

Water TEA Stripping

Removal of TEA from the decanted water fraction was accomplished
by boiling the water at an elevated pH (>11.5}. The elevated pH
is necessary to ensure efficient removal of TEA which needs to be
in the molecular fora, After TEA removal, the water volume was
reconstituted to its original volume (203 mls) using deionized

water and collected as the Product Water.
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Product Water Analysis(untreated)

Analyte Result, nmg/L
Residual TEA 21.
Final pH 11.8
0il and Grease 13,000, +
Total Dissolved Solids 189,000,
Aluminunm 310.
Arsenic 0.8
Barium 0.03
Cadmiunm <0.04
Chromium 0.46
Capper <0.02
Lead <0.8
Nickel <0.08
Zinc <0.02
Selenium <1.2
Silver <0.04
Metcury <0.2

* Reduced to 12 mg/L by conventional oil & grease
treatment. See Coament 4 in the Conclusions.

Solvent Evaporation/Ci! Strinninag

Product Oil recovery is accomplished in three steps. Tirst, the
bulk of the TEA is removed by simple distillation. Second, the
residual TEA is stripped from the c¢il by steam distillation.
Third, the oil is polished to further reduce the residual levels
of TEA and water. The TEA azeotrope recovered during the
stripping process had low organic contaminant levels, based on

celor and odor.

No foaming was observed during the above operation and no TEA
odor was apparent in the oil at the completion of the steam

stripping step.
Product Oil Analysis

Analyte Result
viscosity @ 77°F 51.x106 cps.*
PCB's 270, mg/Kg
Arsenic 4.4 mg/Kg
Barium 19. ng/Kg
Cadmium <l. m=g/Kg
Chroajiun 38. ng/Kg
Lead 30. mg/Kg
Selanium <6, ng/Kg
Silvex 3.% ma/Rg
Nickel 42. ng/Kg
2inc 12. ng/Kg
Mercury <5. 1w@g/Kg
* exceeded viscometer measuring range.
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Test Conzlusions

The 3.E.S.T. process has the capability to extract the organic
constituents present in the sludge and concentrate them in the
oil fraction.

Key observations include the following:

1}
2)

3)

4)

5)

6)

7)

The sludge is chemically compatible with triethylanmine.

The oil constituents in the sludge were readily
extracted into the oil fraction.

Extraction of organics from the particulate solids in

the sasple was achieved. Residual oil content in the
product solids was only 1.2%.

The Ttoduct water lnittallg exhibited high Oil & Grease
levels (13,000 mag/L), whic is not uncommon at elevated
pHs (>11). Howvever, a conventional Qil & Grease removal
technique was evaluated, and as a result lowered the
level to 12 mg/L (99.9% reduction). The t{po of water
tceatment that would be used during actual full scale
processing would be dependent on the applicable water
discharge requirements.

Razidual TEA concentrations .a the sSeparated proauct
fractions were low, as expected,

The presence of a ‘'rag’ layer in the decantation step
indicates that further work will be necessary to
determine what steps would be required to ensure that
this layer does not build up in the decanter and also to
jnvestigate possible methods of reducing the volume of
this component.

PCB’s were efficiently extracted from the solids te 0.75
ppm (extraction efficiency 99.8%) and the EP Toxicity
metals levels are below the Maximum Contamination levels
allowed by EPA.
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ATTACHMENT 3
Laboratory Results

(Transmittal Letter)
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SHERIDAN SITE COMMITTEE

P.O. BOX 266
BELLAIRE, TX 77401

May 4, 1987

Ms. Ruth L. Izraeli

U.S. Environmental Protection Agency,
Region VI

1445 Ross Avenue

Callas, Texas 75202

Subject: Laboratory Results
Stabilization and Solvent Extraction Testing

014179

Dear Ms. Izraeli:

Per our diszcussicn on April 28, 1288, ws zr: e~closing one
complete set or tne laboratory results from ou. stabilization
and solvent extraction testing. These results form the curren:z
backup for discussions in our Source Control Feasibility Study.

As you pointed out, additional studies and testing in some areas
would be appropriate. After your review of the enclosed data,
please contact us about extending the Scurce Control Feasibility
Study delivery date so we can include the results of these
additional studies.

If you have any guestions concerning this matter, please contact
ne.

Sincerely
L0-W L,

hn M. Cotterell, PJE.
Project Manager

JMC:sms:bis2
Enclosure
ez nasignatad Rzcipients

D=42




ShEraan Gisisd. Sersices aste

Lasorstory Analytical Reports
Stastlization and Solvent Extraction Testing

FIELD M. MATRIT CLASS  SOURCE PURPGSE

- - ] P k- -

The following sasples were qenerated and tested to review stadilization
treatsens tachnoiogles

SOS-IMCIN- 0 SLUDGE COWPOS Pond Sludge Subsasple Characterize
SOS-TREAT- O WASTE GRAD  SOS-GEN-O Subsasple Cantrol
SOS-TREAT- 32 GASTE GRAMD  Flyash Stadilizatien Test
SOS-TREAT- 21 WASTE GAAR  Rice Hull Ash Test
SOS-TREAMT- 22 WASTE GRAB  Ash ¢+ Port. Cesent Test
505-TREAT- 23 WASTE GRAB  Ash + PC + Na(DY Test
SDS-TREAT- &1 WASTE &RAD  SOLIDITECH Test
SOS-TREAT- 43 WASTE GRAB  SOLIDITECK Test

The following sasples were ganerated and tested 10 review solvent
extraction treatsent technologles

SDS-TREAT- &1 OIL GRA®  §.E.5.T. Test
SOS-TREAT- 42 WATER GRAS  B.E.S.T. Test
SOS-TREAT- &3 SOLID GRAB  B.E.5.T. Test

e

sde

D=-43

DATE

----------

22-Jun-87
13-Mug-87
13-puy-97
2h-Mug-87
24-Mg-17
24-Aug-47
28-hug-47
28-hug-47

01-Sep-B7
0t-5ep-87
01~-Sep~-67

COLLECTOR LAB MO

-------------------

Dirdwell 43942 - 2
Tanner 4h298 ~ |
Tanner L4298 - 2
ENRECO sebiT - |
ENRECT s44i7 - 2
ENRECO 4eal? - 3
SOLIDITECH 4433 - |
SOLIDITECH 44A3S - 2

S -3

RCC
RCC 60458 - 2
RCC 6438 -~ |
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Lesoratory Analytical Reports
Stapilization and Soivent Extraction Testing

FIELD NO. GENERAL ANALYSES ORGAMICS AND METALS

The foilowing saspies were generated and tested to review stabilization
treatsent technalogies

SOS-INCIN- 0 CL, SO4,NH3, TKW, P, K, TOC, OS5, BOD, TSS/VSS HEL argamics, PCBs
SO5-1REAT- 0O TCLP: HSL vol, setals
50S-TREAT- 32 TCLP: HSL vol, setals
SOS-TREAT- 21 TCLP: HSL satals
5DS-TREAT- 22 TELP: WSL vol, eetals
S05-TREAT- 23 TCLP: HEL waetals
SDS-TREAT- &1 TELP: HSL volatiles
SDS-TREAT- 43

The following saeples vere gensrated and tested to review solvent
eatraction treatuent technologies

SDS-TREAT- &f PCB 8080
SOS-TREAT- 42 016 PCBs
SOS-TREAT- &3 (016 TCLP: H5L vol, sesivol, aetals; PCBs

—
W
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APPENDIX E

Review of Incineration Technologies
and Preliminary Basis of Design
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SUMMARY

Incineration of approximately 30,000 yd? of pond sludge and
affected soil at the Sheridan Disposal Services site can be best
achieved with a 7 ft (I.D.) x 30 ft rotary kiln system.

This is a very preliminary selection, and presupposes that
incineration of sludges and scils with relatively low concen-
trations of PCBs can in fact be achieved within technical,
regulatory and political limitations. Significant technical
problems <complicate the implementation of incineration,
including the need to restrict the variability of feed
characteristics, the need to design the facility without a
complete knowledge of the feed character, the need to protect
worker safety and the difficulty of eliminating toxic products
of incomplete combustion. Regulatory problems include the
requirement that PCB destruction efficiency must at least equal
99.9999%, and potential NO, controls. Political problenms
include the public's concern about: 1) the highly toxic products
of incomplete combustion that result from the incineration of
PCBs and other waste materials, and 2) the possibility that the
fa:i1liity =ay be converted to a corrercila. 1ncinerator upron
compietion ¢l the site remediation. The cost o. incineration 1s
very sensitive to technical and political problems,.

Rotary kiln incineration was selected over fluid bed, circulat-
ing fluid bed, infra-red, fixed hearth, multiple hearth and
rotary hearth incineration because of its flexibility to handle
waste that varies physically, thermodynamically and chemically.

Feed preparation begins with the isolation and blending of waste
in an impoundment within the main pond. This waste consists of
pond sludge, evaporation system sludge, oil surface soil,
floating oil and emulsion, and affected soil under the pond. A
vacuunm dredge transfers a sludge-zoil mixture to batch tanks for
blending with selecied drum wastes. Crushed drums and debris
are fed to the incinerator as a supplement to this mixture.

The incinerator 1s followed by a low pressure drop venturi-type
scrubber to remove the large particulate matter and an ionizing
wet scrubber to remove finer particles. Agqueous sodiun
hydroxide (10% solution) is used in the venturi and ionizing
scrubbers to neutralize acid gases. The ash is removed dry and
cooled in a screw conveyor at the opposite end, below the
refractory lined transition section.




REVIEW OF INCINERATION TECHNOLOGIES
AND PRELIMINARY BASIS OF DESIGN

1l - INTRODUCTION
1.1 Purpose and Scope

The primary purpose of this document is to establish a reason-
able conceptual design for incineration <for the Sheridan
Disposal Services (SDS) site for use in developing and comparing
remedial alternatives.

The potential applicability of the various incineration
technologies to the SDS site has been evaluated on a preliminary
basis. A technology is selected and a design developed assuming
remediation of all of the pond sludge, evaporation system
sludge, oily surface soil, floating o0il and emulsion and
affected soil under the pond.

1.2 Site Background

Rewedlation oi the SUS site, ac preliminarily characterized luc
this evaluation, involves the treatment of approximately 20,00C
yd® of sludge and floating o0il and emulsion which has a signifi-
cant caloric value (estimated 6,500 Btu/lb): plus 10,000 yd® of
oily surface soil, evaporation system sludge, and affected soil
under the pond which has minimal heating value; plus an allow-~
ance of approximately 1,000 drums of waste material assumed to
be similar to the sludge.

The heterogeneity of each of these wastes makes the selection of
an incineration system to handle the entire amount difficult.
The viscosity of the sludge complicates the materials handling.
Alsc the fact that the pond contains drums or parts of drums to
be incinerated limits the possible types of incinerators that
might be used.

ABcs
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2 - COMPARATIVE EVALUATION OF INCINERATION SYSTEMS

2.1 Genheral

Hazardous waste incineration in the United States, while
practiced since the 1960's, was not regulated until 1982 when
the first rules under RCRA were completed. Therefore, from a
practical standpoint, incineration is a relatively new techno-
logy for hazardous waste disposal. Only a few (20~25) hazardous
waste incinerators have received permits to date, and many of
these burn 1liquid waste only. Certain generic or specific
incinerator types have been tested for their applicability to
hazardous waste destruction and, under the U.S. EPA SITE pro-
gram, others will be tested and evaluated. For the purpose of
selecting a suitable system for the Sheridan site, technologies
which have shown some evidence of success on similar wastes have
been evaluated. Other emerging technologies are not included
here because of limited data on which to base an evaluation.

Candidate incinerator systems which might be considered are the
Fluid Bed, Circulating Fluid Bed, Infra-Red, Rotary Kiln, Fixed
Heartii Controlled Rir, Multiple Hearth, and Ro%ary Hearth.

In general, the air pollution control systems which would or
could be used with any of these incinerators are similar so they
will not be discussed with each incinerator type. Each system
involves the collection of particulate (ash) in either a dry or
wetted form and the neutralization or absorption of acid gas
components of the flue gas such as HCl and S0,. Certain incin-
erator systems, such as the circulating fluid bed incinerator
lend themselves to dry particulate collection, but no incinera-
tor is specifically limited to a sinagle type of air pollution
control system.

The leachate characteristics of waste ash are independent of the
incinerator type and therefore not relevant to this comparison.
Most of the incinerator types discussed have done this in tests
or formal trial burns. The decision to use any incinerator must
therefore be based »n its cost-effectiveness and applicability
to the situation.

2.2 Fluid Bed

Fluid bed incinerators are manufactured by several companies.
They ntilize a bed of sand or alumina suspended or "fluidized"
il a pressurized air stream. The waste sludge ur {inely dividec
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solid waste is injected continuously near the top of the bed.
The fluidizing air is initially preheated by burners and later
by heat recovery if it is practical. The fluid bed incinerator
can operate on a low heating value waste without the addition of
auxiliary fuel, because the sand bed holds the heat from the
combustion of the waste.

The fluid bed incinerator has been employed for a variety of
waste materials from refinery sludges to paper mill *black
liquor®. 1It’s primary advantage is that it can operate at lower
temperatures than most incinerators, thus saving auxiliary fuel.
It is, however, sensitive to materials that slag at its operat-
ing temperature, which can foul or plug the bed. High ash
materials present a different problem because the ash can only
be discharged from the system by removing some of the bed
material (sand). When burning a high ash waste.the sand must be
separated from the ash, if possible, and recycled or replaced by
fresh bed material.

It is necessary to prepare the waste feed so that it is physic-
ally sized to be continuously injected into the bed and that it
re tnermodynamically consistent in hosting valuz.,  In practice,
cthis 135 difficult to achieve in mcst 2its vemadiatinm sirnarions
where there is variability in the waste characteristics. -

The fluid bed incinerator is more economical as the capacity
increases. It is physically unsuitable as a mobile unit, but it
could be considered transportable. It is inherently more expen-
sive than most competitive systems in first cost and lower 1in
operating cost. It could be used on the sludge at the Sheridan
site (if drums and debris are removed), but not for the soils or
drum waste. No fluid bed incinerator has been permitted, to
date, for hazardous waste incineration except for pilot units.

2.3 Circulating Fluid Bed

This system works like a fluid bed and, in addition, employs a
water wall combustion chamber/boiler. It is expensive, and
there is little or no use for the steam at this site. The waste
is injected into the circulating fluid bed, burns and releases
its heat. The ash is carried with the fluidized air and combus-
tion products into the cyclone separator. The water wall
combustion chamber maintains the reactor temperature, but with-
out a use for the steam it is impractical and expensive. The
manufacturer claims that acid gas neutralization can be econon-
ically achieved by aiding lime to the teed. Theva is nc ieason
to discount this claim, but the claim i3 alsc valid for the
fluid bed. The same positive and negative aspects inherent in
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the fluid bed combustor apply here except that the circulating
fluid bed requires the extra cost of the water wall chamber.

The circulating fluid bed is sold by oOgden Environmental
Services, who purchased GA Technologies. They offer a trans-
portable version for site remediation. Test burns on their
pilot unit on PCB waste have been successful.

2.4 Infra-Red

Infra-red incineraticn systems are sold by two companies at the
present, Shirco and NASS. Both have installations operating on
hazardous waste. Shirco has a mobile pilot test unit and has
sold a larger transportable unit. Infra-red incineration
employs a woven wire belt to transport the waste through the
furnace. This unit requires that the waste have no "free"
liquids because liquids would run through the belt. The waste
on the belt passes beneath electric infra-red heating elements
where it is heated to temperatures that volatilize and pyrolize
the hydrocarbons present. Air may be added to ignite the waste
at any point along the furnace. The flue gases pass into a
sacondary chamber, fired by gas or fuel o0il, where they are
further heated and che hydrocarbons destroyed.

At the Sheridan site, the wet sludge would have to be mixed with
soil or lime to make it solid enough to be carried on the belt.
The so0il could be handled by the system as it has been in other
locations. The feed is restricted to a maximum size of 1.5
inches in diameter. This would mean a significant amount of
costly feed preparation. The real forte of the infra-red incin-
erator is handling soils. It can save fuel compared to other
types because the fuel can be mixed with the soil and the unit
runs at low air rates. It is, however, 2 relatively unproven
technology. The only full-scale system has been operating at
the Peak 0il site in Florida. It has had significant opera-
tional problems with waste feeding and ash removal, and has yet
to be fully permitted.

2.5 Rotary Kiln

The rotary Xkiln incinerator consists of a refractory lined
cylinder which rotates slowly on fixed trunnions. The kiln is
essentially a moving hearth which promotes mixing between the
waste and the combustion air. Thae kiln is sloped slightly from
the feed end to the ash discharge end so that the waste may move
along the length of the Filn. It requires batween 50% and 100%
excess air for normal operation. The kiln i3 followed by an
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afterburner, where the organic compounds remaining in the flue
gases are destroyed.

A rotary kiln may be fed by a variety of methods. Liquid wastes
may be atomized through burners or nozzles. Sludges may be
similarly atomized or fed onto the hearth through an open pipe.
Solids may be fed through screw feeders, gravity chutes or ram
feeders,, Ram feeders may charge packaged wastes in combustible
containers.

The major disadvantage of the rotary kiln incinerator is that it
is less fuel-efficient than many other types. Another disadvan-
tage is the need for close control of temperature. If the
temperature is too low, combustion will be incomplete. If the
temperature is very high, the refractory will be damaged.
Considerable experimentation will be necessary during incinera-~
tor startup in order to match the heating value of the waste to
the desired kiln temperature. Automatic temperature controls
are standard on rotary kiln incinerators, and will require
routine attention by a highly skilled instrument technician. As
no control is perfect, occasional temperature excursions are
inevitable. in aadirtion, =he firal wears of controlling
excessive temperature rise 1s tne shutdown of the incinerator.

Excessive temperatures below those which directly damage the
refractory can cause problems due to slagging. Slagging occurs
when metals in the wastes melt and fuse. At the SDS site, the
metals would come from the drum bodies and affected soil. The
metal slag can clog the incinerator discharge, requiring a
shutdown to clear the clogged areas, and can also damage the
refractory. Incinerators can be designed with intentional
slagging, but this requires facilities to handle the slag
discharge and alsc requires more costly refractory.

2.6 Fixed Hearth - cControlled Air

This generic incinerator type was developed to handle municipal
and industrial combustible waste materials which are non-

hazardous. Later it was applied to hazardous waste by several
companies, specifically Trade Wastes (now part of Chemical Waste
Management) and Thermalkem (formerly Stablex, S5.C.). The

generic unit consists of a primary chamber with air injection
and a secondary chamber fired on auxiliary fuel. The primary
chamber can be operated under pyrolitic conditions or with
excess air. The secondary chamber iz always oxidizing. For wet
wastes, such as sludges, the waste is pumped or atomized conto
the hearth. A series of stepped hearths, each with a mechanical
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ram, have been employed to move the material from the feed end
+o the ash removal section.

This type of incinerator provides satisfactory operation on
combustible liquids which can be used as fuel in the secondary
chamber and on dry combustible solids. It is a poor choice for
wet wastes and sludges or scoils, and is therefore not suitable
for the Sheridan site. 1Its primary virtue is its low capital
cost. It has been used for hazardous waste and it has been per-
mitted for hazardous waste. It is not easily mobile or trans-
portable. It does not require any special feed preparation.

2.7 Multiple Heart

The multiple hearth incinerator was widely used for burning
sewage sludge in the 1950's and 1960's, but is considered
obsolete today. The few companies who built and sold the design
are now out of business. It consists of a series of circular
refractory hearths one above another. The waste is fed to the
top hearth where mechanical arms with rakes move or spread the
waste over the hearth. These arms rotate on a column or shaft
lzzaited at the center of th: ~ircle. Rach rearth hes 2 agoment
which opens to the hearth beiuw and cne rapble arms graduaily
bring the waste to the opening where it drops to the lower
hearth. The waste moves from hearth to hearth in this manner.
Most multiple hearth incinerators consist of four hearths. The
first is a drying hearth, the second and third are burning
hearths and the last is a cooling hearth. The hearths are fired
radially with conventional fuel burners.

The multiple hearth incinerator is suitable for soil and sludges
without free liquid. It is not suitable for waste of non-
uniform sizes nor 1is it suitable for wastes with high heating
values because it is not a good combustor. A multiple hearth
incinerator is field-erected and not mobile or transportable.
It is highly mechanical and therefore has a high maintenance
cost. None have received RCRA permits to date.

2.8 Rota Hearth

The rotary hearth incinerator unit is similar to a single hearth
of the multiple hearth incinerator, except that the hearth moves
around a central shaft and the rabble arms are stationary. It
receives its combustion air through the arms and also through
the radially mounted burners It requires an afterburner to
comulete the coabustion of the fiue gases.

The advantages and disadvantages are similar to the multiple
hearth incinerator. It is mechanically simpler, does not lend
2-5
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itself to transportability and is not a particularly good
combustor. It will work well on low heating value sludges and
soils. One unit is currently preparing for a RCRA trial burn
and one has been permitted.

Multiple and rotary hearth incinerators are designed to handle a
wide variety of sludges of varying consistency. They can also
handle solids prepared to a specific physical size limitation.
These incinerators are large, mechanically complex, and have
seen limited use with hazardous waste burnirng. They have no
inherent advantagzs over other more widely used system types for
this application and would probably be more costly to build and
operate.

2.9 Selection

0f the various incinerator types, the fluid bed, circulating
fluid bed, infra-red and rotary kiln types are potentially
applicable to the Sheridan site. The fixed hearth-controlled
air incinerator is not applicable because it will not burn soils
and sludges well and the multiple and rotary hearths will be
hard to carires with tne high heating value of *“he wasie.

The fluid bed incinerator has not been used in site remediation
and has had limited use on hazardous waste. It requires a con-
sistent feed that would be difficult to achieve at the Sheridan
site. The circulating fluid bed has the same shortcomings, plus
it must produce steam. Since steam is not needed at the site,
there is no economic advantage for the circulating fluid bed.

The infra-red incinerator has been used for similar wastes but
extensive feed preparation would probably be required (for
example, sludge sclidification and waste pulverizing). The
expense of this waste preparation could easily offset any
capital cost advantage this system may have over the rotary kiln
incinerator. Previous field problems with similar sludge wastes
indicate that this system may, in fact, not be practical for
Sheridan site wastes.

The rotary kiln incinerator appears to be the best selection to
develop the design basis for incineration at the Sheridan site.
This design basis is used in the Source cControl Feasibility
Study to develop incineration cost estimates. The costs
developed for rotary kiln incineration will be representative of
the incineration option in general, in that the rotary kiln
incinerator is generally less expensive than sither af the fluid
bed systems and about eguivalent to the infra-red incinerator in
first cost for the same application.

2—-6
E-10 A863
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3 - CONCEPTUAL DESIGN
3.1 Design Basis

The estimated waste gquantities and properties and other assump-
tions used in the incineration design are given in Table 3-1.
The heat and material balance for this incinerator is shown on
the flow diagram, Figure 3-1. The design basis is given in
Table 3-2,

Proper preparation of the waste is essential if incineration is
to be successful. This preparation must consist of a combina-
tion of waste segregation and mixing designed to minimize
operational upsets due to variable or uncertain feed quality.
Thorough mixing is required because rapidly varying waste
characteristics result in incinerator upsets, lowered waste
constituent destruction efficiencies, and release of potentially
toxic compounds to the atmosphere via the incinerator stack.
Widely varying feed characteristics may also cause wide varia-
tions in operating temperatures, resulting in damage to the
incinerator refractory or other components. This has the effect
of inCréescinu buwinitlneg dud melalenav.s wusSts.

3.2 Incineration System Description

A rotary Kkiln with an afterburner has been selected for this
conceptual design and cost estimate. Natural gas is used as the
auxiliary fuel. The incinerator is followed by an adiabatic
quench, a low pressure drop venturi-type scrubber to remove the
large particulate matter, and an ionizing wet scrubber. Aqueous
sodium hydroxide (10% solution) is used in the venturi and ion-
izing scrubbers to neutralize acid gases. Figure 3-1 shows a
flow diagram of the conceptual incinerator design.

The rotary kiln incinerator system selected for this study
consists of a refractory-lined rotary kiln which is fed sludge
through a pipe or lance via a positive displacement pump. Soil,
and any drums found in the sludge or soil, is conditioned to
size through a shredder or similar device followed by a bar
screen. These are fed into the kiln through an auger. Natural
gas is fired through a burner located at the feed end of the
kiln. This auxiliary fuel is used for heat during startup and
as needed to supplement the heating value of the waste.

The ash is removed dry and cooled in a screw conveyor at the op-
pusite end. below the refractory lined tr=unsicion section. iLua

-1
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TABLE 3-1

INCINERATION DESIGN ASSUMPTIONS
SHERIDAN DISPOSAL SERVICES SITE

Averages of laboratory test results for fifteen sludge samples
were used for the sludge composition. This data was used to
derive the following estimated sludge composition which was used
in the calculations:

Carbon - 35.23 %
Hydrogen - 2.44 %
oxygen - 6.54 %
Chlorine -~ .03 %
Sulfur - 1.50 %
Water - 44.00 %
Higher Heating Value - 6,500 Btu/lb
Average Specific Gravity - 1.06 (66,1 lb/cu.ft.)
Sludge Volume = 20,000 cu. yds.
Total Sludge Weight = 35,700,000 1b (17,850 tons)

Note: The sample determinations for heating value averaged
4,750 Btu/lb using the detection limit of 150 Btu/lb for those
samples showing no heating wvalue. The heating values were not
consistent with oil content, however, so an average oil content
for the 15 samples was calculated at 37.96% and multiplied by
18,000 as a heating value for waste oil, giving 6,830 Btu/lb.
From these two numbers, the 6,500 Btu/lb figure was chosen as
the probable averaga.

Was

The drum contents have bean assumed to hiave the same average
composition and heating value as the sludge.

Drum Volums = 1,000 full drums
Total Drum Weight - 486,600 1lb (243 tons)
3=-2

E~12 AB89
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TABLE 3-1 (Cont'ad)

INCINERATION DESIGN ASSUMPTIONS
SHERIDAN DISPOSAL SERVICES SITE

0ily Surface Soil, Evaporation System Sludge, And Affected Soil

tnder the Pon

The subject soils have been assumed to have the following
composition:

Carbon - 1.13 %
Hydrogen - 0.12 %
Oxygen - 2.46 %
Nitrogen - 1.00 %
Chlorine - 0.10 %
Sulfur - 0.20 %
Watar - 20.00 %

Higher Heating Value
Density

100 BTU/1b
100 ib/cu. ft.

nwnun

Impoundment Soil Volume 10,000 cu, yd.

Total Impoundment Soil Weight 27,600,000 1lb (13,500 tons)
Other Assumptions

1. An operating year of 6570 hours, which is 75% on-line

2. Soils, sludges and drums will be incinerated simultaneously
over a two year period using a single incinerator.

3. Natural gas will be the auxiliary fuel.

Design Flow Basis
A. 2,760 lb/hr of sludge & drums

B. 2,000 lb/hr of scil

3~3
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¥IGURE 3-1
FLOW DIAGRAM SHOWING HEAT AND MATERIAL BRALANCE

SLUDGE + DRUMS SoIL | NATURAL GAS
2760 #/HR 2060 #/HR (IGNITION ONLY)
! I |
v .
COMBUSTION AIR KILN
45062 #/HR  |—emeeed) WATER QUENCH
(9965 SCFM) 1870° F 370 #/HR 4—1
] (0.7 GPM)
i Y
‘ s  AsH ©
¢— — — — — 1650 #/HR
Vaporized Water o
) -
NATURAL GAS AFTERBURNER LANDFILL -
570 #/HR |—————® 2200°F  (4— DISPOSAL -
l  ®)
~ * Lo "I i = . - "
u WATEP { QUENCY COMBUSTION A.R| .
23400 #/HR -Iﬁ.s"r‘ 11200 #/HR
| (47 cpH) (2500 SCFM)
.|VENTURI SCRUBBER
10% NaOH ] l T
1380 #/HR | IONIZING WET SCRUBBER
v

BLOWDOWN WATER 1
(SALT SOLUTION,
5«10% SOLIDS)

2 G & ) N GE BN Gk BN N BN U fE T A B e

FAN y
3540 #/HR (7 GPM)
+ 165 #/HR ASH
FILUE GAS WASTEWATER TREAT.
60400 3/HR T
(20500 ACFM) b= =— = — i
180° F RIVER
i DISCHARGE :
| STACK
‘ {(AIR
l | EMISSIONS)
Note: Numbers Rounded
l I=-4 AaT?
E~14




TABLE 3-2

CONCEPTUAL DESIGN BASIS
INCINERATION
SHERIDAN SUPERFUND SITE

Kiln Feed

Sludge Lance
S0il Feeder

Kiln Burner

Rotary Kiln

Material

Outside Diameter
Inside Diamctlav
Length

Supports

Drive

Speed
Slope
Refractory

Operating Temperature
Shell Temperature

Total Heat Release

Heat Release/Volume
Operating Pressure
Excess Air

Flue Gas Outlet Velocity

Transition Section

Ash Handling System
Type

Ash Cuul iy
~m

- Py
A-.ua Sttt

Ash Conveyor

3" Inconel water cooled pipe
3" dual screw feeder with screen

Natural gas forced draft type,
5,000,000 Btu/hr

Welded Carbon Steel

8!_ ell

Ti- 0"

30!

Steel trunnions

Girth gear w/variable  -seed drive
from electric mctor

varizble 0.5 to 2 RPM

1.5 deqrees

6" Firebrick 3" Hi temp insulated
brick

1500°F to 1900°F

300°F to 40Q0°F

20,000,000 Btu/hr

15,000 Btu/cu.ft./hr

0.1 to 0.5 " w.c. negative

70%

12 ft/sec

Refractory~lined carbon steel

Dry ash removal

Water Sprays

Slide Gate Type

Water cooled screw conveyor




(F)

(G)

(H)

TABLE 3~2 (Cont'd)

CONCEPTUAL DESIGN BASIS
INCINERATION
SHERIDAN SUPERFUND SITE

Afterburner

Material

Inside diameter
OQutside Diameter
Height
Refractory

Shell Temperature
Internal Volume
Operating Temperature
Flue Gas Residence Time
Heat Release

bBurnecs

Adialatic Quench

Type
Material
Lining

Inside Diameter
Outside Diameter
Height

Venturi Scrubber
Material

Arrangement
Design Pressure Drop

3/8" Carbon Steel
8 1 _.oll

9'6 3/4"

40"

4 1/2% firebrick over 4 1/2"
insul. brick.

350°F

2050 cu.ft.

2200°F

2 seconds (minimum)
13,600,000 Btu/hr

LA S SRV I S e T P
One h.l.-j‘..t FRITYNL —FY -y | LOTC2u alArl'C
PR Te o~
burner roted ot 18,000,002 Bou/hr
each

Spray tower

Carbon steel shell

4" acid brick over Pyroflex
membrane liner

6!6"

‘7!6"

23!

FRP inlet & outlet with Hastalloy
variable throat

Vertical down flow

10" w.c.

3-6
E-16 A8T0
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(I)

(K)

(L)

TABLE 3~-2 (Cont'd)

CONCEPTUAL DESIGN BASIS
INCINERATION
SHERIDAN SUPERFUND SITE

Ionizing Wet Scrubber

Model

No. of Parallel Trains
No. of Stages/Train
Construction

Approx. Overall Dimen.

Induced Draft Fan

Material
Temperature
Flow
Prassure
Drive
Motor

Stack

Material

Inside Diameter
Height

Velocity

Feed Preparation Systen

Tanks for Segregation &
Blending of Liquid
Drum Contents

Blending Tanks for
Sludge and Liquids

Solids Staging Area

Solids Mixing and
dandling

Solids Feed to
Incinerator

Pond Dredge

Ceilcote Model IWS 900

1

3

FRP with Hastalloy plates

55' long x 28' wide x 23' high

Ccarbon steel

18Q°F

21,000 actm

25" w.c. negative,
V-balt

125 h.p.

Coated carbon steel
3!0"

75!

50 fps

6 carbon steel, 5,000 gallons
each, propeller side mixers

3 carbon stesel, Jpen-top, 12,000
gallons each, high torque low rpm

nixer .
Concrete pavement 8" curbing
Front-end loader, tractor type

approximataely one cu.yd. capacity
Belt conveyor w/discharge hopper

Cutter head tyne

ABTQ
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gases from the transition section pass into a vertical after-
burner where they are further heated to 2200°F by two natural
gas burners each with a capacity of 20,000,000 Btu/hr. Airborne
ash which drops to the floor of the afterburner must be removed
periodically.

The 2200°F flue gases then pass into a refractory-lined quench
tower where they are adiabatically cooled by water sprays to
i84°F. The wetted and cooled flue gases then pass through an
adjustable throat Venturi scrubber where 90% of the remaining
particulate material is removed, then through a packed bed
crossflow prescrubber, and finally into a three stage Ceilcote
ionizing wet scrubber for the removal of fine particulates.

A 10% sodium hydroxide solution contacts the flue gases in both
the Venturi scrubber and the crossflow scrubber to neutrallze
any acld gases present in the flue gas. The clean gases then
pass throuyh the induced draft fan and a mist eliminator into
the discharge stack.

3.3 Ash Disposal

For the Sheridan sice, ash rrom <che 1incincrator would be
disposed of off-site.

E-18 A868
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4 - CONCLUSIONS AND RECOMMENDATIONS

4.1 conclusions
1.

Among alternative incineration options, rotary kiln
incineration with a wet ionizing scrubber appears to be the
most suitable design basis for incineration.

Any incineration system will have to incorporate a materi-

als handling facility to adequately blend and characterize
the waste.

An incineration system will have to destroy PCBs with a
99.9999% efficiency.

Public opinion is generally against incineration at this
site because of <concerns about air Gquality and
commercialization of the facility.

Significant material handling operations will be needed at
the SDS site to assure a homogeneocus, fully characterized
f~red tc the incincerator.

Other design and operating concerns include possible NO,
limitation and worker safety.

Incineration of soils and sludges at Superfund sites is not
sufficiently proven for the c¢ost to be reasonably
predicted.

Recommendations

Base analysis of incineration as a remediation alternative
on rotary kiln incineration with a wet ionizing scrubber.

Base analysis of incineration as a remediation alternative
on a feed preparation gystem that incorporates sludge
isolation, blending tanks, drum characterization and mixing
facilities, and solids handling and feed facilities.

011201



so1qel ubfyseg jdesuo)

o
—
-
N
()
N

4 XIANadav




ALTERNATIVE B - SOIL MiXING

Aisle and S vorumes
Vol ume
Inttial mining ncredte
malatials Yo yma Rat:0 Lal Fanas

1000 3O
yds wasie

Pond Sludge. Emuision
Evaporation system Sludge
Griy surface soil
aftected Sori under pond

waslewaler volumes

Furst vaag Later veacrs (b}
Waslewaler Area & volume Argd & VOIlume

SOuUrce
Decontamination
Process
sffected Runoff

Grass Cover
Bare Ground

& bomangce
Pong warters

011203

Allowance
MHain Fong
Aliowance

160.0¢e ¥a)
prspotition

Evaparale p¢)
freal & Discharge 2

{al assumes 100% volume absOIplion of studges and oi1ls Dy 50t addilsse
[b] Time to comptete remediat on, years = b




ALTERMATIVE £ - STABILIZAY ON

waste and sotl voiumes
vol ncrease
tmtral Due to Tyt
KHateriatsg vaiune stapei:iration <O fyme
1000 L1000
yad3 ¥G3

pond $ludge, Emuls:on 30 it
Evaporation system Sludge

Oity surface soil

Alfected soi uUnder Pond

waslewater volumes

First Year cater vears bl
wastewater Afed & Volume Atea & volume

Acras juls YA'R
S0uUrce
Deconlamination Al lowan
Process PONG W3
Process COFfae wa
Affected Runolt
Crass cover * o aliowan
Bare Ground MaAIn PO
Pavemen?

Cisposlion
fvaporate
Treai & Discharge 12

[a] Based Table 2-6. appendix ©. Sampies No's 1 Lhrougn 8
(b] Time LO compiete remedialion, years = 1




ALTERNATIVE D - BIQOTREATRMENT

waste and S0l walumes
votume VGl tACTease

instratl after Gue 1o Fina
Mmalerais Vol ulse Treat. Stabitization YOI ume
1000 1000 1000
vd3 (33 ya3
Pond Siudge. Emuision i0 t3 5 [a] 10% i1 4
Evaporation Syslem Siuldge 1 08 b} 0% ¢ 9
Otly Surface 5011 3 1 (b) 6% 17
affecled sorl Lndar Pond 10 0 0 Fies 120
44 3 s 1% 0
wastewater volumes
First Year Later vears [c]
wastewater Area a volume Afea & vVolume tolal
acres mg acres mg/yr mg
source
Decontaminat 1on [+ 3.1 o5 1 allowan
Process o3 33 1
Allected aynott
Crass Cover 1 0 4 1 0 4 1 allowan
gare Cround 11 15§ 13 5 4 35 wain Po
Pavement 1 11 2 ¢ ! 5 Al lowan
19 T 44 F1r0 000
Pisposttion
Evaporate 114] Iv] 10
Biotreatment Evaporalive LOsS 5 5 15
Treal & Discharge 4 a 19

Taj assumes 15% pond sludge voiume reduction 1n 30 days. based on
observations made during Phase 2 biofogical treatment testing

B} assumes 25% sludge and 30v) volume reduction ' 30 dayy
Assumplion 15 based upon observaltion of ovly surface sorl and
engineer ing judgement

{c] Trme o compiele remedial:ion, years = 3
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#asle and SO volumes

MLTERNATIVE £ - SOLVENT EXTRACT HON

o tial Resd Qes g
Malesialy vZ2oume  Solids pensily  Soligs
10060 Gry Ibhsitl 1500
ydl Tons ¥d3
Pond Sludge, Emulsion ijo 4,020 50 6 0
Evaporation System Siudge ¥ 780 $0 2
Oily syrface soil k] 1.3150 50 5
Alfacted SO1vi Lndetr fond 10 7.830 50 16
44 14,9480 i1 1
increase Frnai
Jue to salids  Resid Resid
Matersals Stabviization VOl ume Ol water
10400 1000 1300
yd1 gai gal
Pond Sludge. EMUEsion os [a] 6 1860 1890
Evaporation Syslem Siydgge os 1 50 80
by Surface sot! [1} 3 3 140 140
Alfected so1* under Pond o3 3 12 430 780
11 353G 3990
Was wewaler valote,
Firsl year Later vears (bl
waslewater Area & volume Ale3 & volume Tatal
acres mg acres mg/syr . mg
source
Cecontaminalion g5 95 1
Process 4 0 4 pond wa
Process 4 4 16 Scrubhe
Process i.0 1.0 4 Resid.
Allected Runofl
Crass Covet 1 o4 1 Q4 7 Allowan
Bare Ground 16 11.5 11 79 35 main PO
Pavemenl! b} 11 1 21 a8 inciner
14 16 71 1350.000
crspositicn
Evaporate 10 1) 0
Treat & Dricharge 14 16 61
[a] assumes that the stabitizalon matrix wiil use Lne vords volume
[b] Time to complele remedial ion, years = 4
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AL TERMNATIVE F

wastle ard S0(1 vo) mes

irclal gl ey
voiume sriitial Jey- scrubber
matercals tal 5Qteds  troyed agn ash
1000 Osy Doy Dy
yda Tons Tons Tons
pond Studge. Emul .. Orums 30 4,020 [b] S5O0% 1.8317 182
Evaporation System Sludge 1 730 {c] s0% 35% 3%
Otly surtace soil 3 1.150 [c] 50% . Q6A 107
atfected S0t under Pond 10 7.830 [g]  30% 3. 559 358
44 14,980 6,509 681
SCcrubber ash
Ash compacted {a)
Materials Denstiy & VoI Density & val
1+ FARE] ydd 1DsHt1) ydi
pond Studge. Emuisan 10 4,512 120 113
Evaporation System sSludge 50 515 110 12
Qtiy surface sl 50 1.582 120 [T
aflected soil under Pond 50 5.173 110 110
11,892 420
vas lewaler volumes
FlILE Yeasf LATe, Yudis wwa
wasiewater AlTed & Volume Area & vaoiume rota)
acres mg acres mg/iyit mg
source
Decontaminalion 0.5 05 3
Pracess 4 V] 3
Process 4 4 20
allected runott
Crass cover ] 1 0 4 2
Bare Ground 16 11.5 1t 7.9 43
Pavement b 2.1 1 21 1
23 15 82
Cesposition
Evaporale 10 o) 10
Treal & Discharge 11 tS 72

taj Total 350 bellion BTU, appendix €

INCINERAT 1OMN

[(b] 70 thrsit3, 5% sOi1ds by weighl

[c] 50% sludge as (al. SQ% sO04i at 125 (B7003 wet werght . 10% vouds
fd] Compacted because 1 t5 land!i{led at waslewaler
Tima 1O compliete semedialion,

yRArs 5

InCinerator design based on i¢. 100 ydl pond §ludge.
10,000 yd1 of aflecled soiis with total 135 Duoviton @TL 20 milieon @Tus/nr

Lreatment §ludge

011207
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i lowance ‘
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B375 OPTIONS

SITE UTILITIES & FACILIYVIES
SHERIDAN CISPOSAL SITE
Revised: 30 May 1888

[Costs 1n thousends]

AT, B -
SOIL WDANG

ALY, C -
gTAR-
TLIZATION

ALT, D ~
810~
TAEATMENT

ALT, E -
SOLVENT
EXTRACTION

ALT. F -
INCINERATIO REF,

CAPITAL
Wastewatesr
Laboratory
Potable water & piping
Nonpoteble water & piping
Lighting
Teallers
Decontam, Ares

$400

400
ago,00
68,00 G,2-2
72,00 6.2-2
10,00
15,00
15.00

TOTAL CAPITAL COST

TOTAL TREATMENT 00OSTS
Total Westeroisi; wy
Treatssnt cost, L'il30 o'

$880

TOTAL WW TREATHMENT COST

ANNUAL OPERATING COBTS
Operating Pariad, y¢

Water traatment cost $10
Laboratory costs 70,00
Sscurity 114.00

2

%10
300,00
114,00

$i0
300,00
114,00

4

$10
300,00
114,00

310
400,00
114,00 6,2-7

TOTAL OPERATING COST 388
TOTAL CAPITAL, TREATMENT
AND OPERATIRG COSTS $1,108

{ rounded)

NOTESS

5848

1,272

$2,047

$1,698

$2,736

1, Coets are in thousands of dollars unless specified otharwice.
2. Totalse are capital cost plus the operating cost timss
the setimated period af oparation for the alternative,
3, Operating coste cover construction & treatment period onlyj
naat—alosurq analvtical coets covered separately,

52,620

43,860

011209




.937‘5 CPTIONS G.1-2

SLUDGE ISOLATION
SHERIDAN DIBPOSAL SITE
Revised: 6 Mey 1688

. Unit Protective Labor
Item Quantity Units Cost Ref, Laevel Factor Cost Notes

Design waste gquantitiee:

Studge & emulsion 30,000
Otly soit 4,000 ey
Pond affected eoil 16,000 cy
lhol.tion dikey 12' haight 1,000 Lr $64,00 6,21 0 1.00 384,000 "Cest-West Diks*
Isolszion dike volums 14,000 cy Need for fill catc'
Pump 15% eludge & esulsion 4,500 cy $23.00 G.2-5 B/C 5,78 77,825
IExc-utl & heul 15X affacted ()
sotl 2,100 cy ®.50 ..2-5 wC 5.75 66,413 «—
Pump 100% sludge & emulsion 30,000 cy 89,00 6,2-5 B&/C 8.75 517,500 V)
l Excavate & haul 100% affected
sail 13,000 ey %.50 6,2-6 B/C 5.75 442,750 v
.
' TOTAL ESTIMATED SLUDGE ISOLATION COST $1,168,000 Roundad O
HITYY o

1, Thias tabla presants sctimated costs to cha Genarsl Cgntractor

' as of nid-1987,

2. Costs do not tnclude Gensral Contractor averhesd & profit,
contingancy, angineering & construction surveillance, or
quality control/quality sssurance testing.




8375 OPTIONS G,%-3

MIX SLUDGE WITH CLAY-AICH SOXL
SHERIDAN DISPOSAL BITE
Revised: 6 May 1988

Unit Protective Labor
Item Quantity Unite Cost Ref, Laval Factor Cost Notas
Dasign waste quantitiass
Sludge & emulsion 30,000
Ojly soil 4,000 ey
Pond affested soit 10,000 cy
Mix siudge with sotl [6:9) 30,000 cy 932,00 G,2-3 1] 1.70 81,832,000
Hix offacted caitl (2:1) 14,000 cy $15.80 G,.2-3 c 1.70 378,340 A
—
TOTAL ESTIMATED SOIL MIXING COST 2,008,000 Rounded O\
""‘
NOTES: -
4. Thie table pressnts sstimated costs to the Gensral Contractor o
as of mid-1887,

&. Cuses up now incowls Generai Twnergutor overheiad & profit,
seattigoncye SagiRdariag & cunstrostion surveillance, or
quaitty conteol/quality aseurance testing.




R3TE OCTIONS 6.1-4

cap
SHERIDAN DISPOBAL SITE
Revised: & Hay 1568

Unit Protective Labor
Item Quantity Unite Cast Ref, Level Factor Cast Notes
Cap ares {roundad) 27,00 "
Cap 1.170.@ of "n.,70 g,2-1 1] 1.00 ﬂ.ﬂﬂ.m
Attic fILL 370,000 cy $4.50 6,2-8 1] 1.00 1,666,000
Supplesent existing dike 5,000 cy 5,00 0.2-6 0 1.00 75,000
Topsoil for dike [12%) 7,700 cy $12,00 G,2-8 D 1,00 92,400
Seed & fertilize diks 207,000 sf 0,05 8.2-5 1] 1.00 10,350 N
TOTAL ESTIMATED CAP COST 43,842,000 FRoundsd
N
NOTES: -
1. Thie table presents sstimated costs to the Gensrsl Contractor -—
as of mid-1887, o

2. Coste do not include Gensral Contrsctor averhesd & profit,
continge~:,;, snitaeartng & constructicm surval’ Lorse, nr
quality control/quality assurence testing,




8378 OPTIONS

BIOTREATHENT
SHERIDAN DISPOSAL BITE
Revised: 3 June 1388

Item

Oasign waste quantities:
SlLudge & emulnsian
Velume after tresstasent
Oily sotl
Volune after trsstaent
Pond effected sotl

Treatment datenticn tine

Tenka Z0'N X @2+D
$000 gat. holding tank & eixer

42000 gai, biending tank w/ sixer

Pump siudge for tresatmant

Pump otly sofi{ far treatsent

Down dreft aerators (25 hp)

Asrator astntensncet
Cleaning (Y per 2 Batches)
Ffropsiler replecasant
sntes reoyiide (20X}

Sliuige cirslation systam

Pomer

Fume incinerstor [cepital cowt)

Fums ‘ncinsrstor {opearetian]

Stabilize siudgs and sail

Supsrvisor

Operator

Laborer

Pilot testing

Start up

TOTAL ESTIMATED @IOTREATMENT COSY

NOTES:

Quantity Unite

30,000 cy
em (3)
4,000 cy
7
10,000 oy
30 days

4 wsan/yr
8 man/yr

G.1-8

Unit Proatective Labor
Cost Ref, Level Fector
348,200 0 1,090
"t4,000 0.2-3 0 1,00
w“2,000 6.2-3 D 1.00
9,06 0,2-8 c 1,70
9%5.350 G,2-8 c 1.70
20,308 1] 1.00
4400 c 1.70
1,000 ) 4.00
L Y V) u 1,00
&0 A br 1400
20,10 B .00
75,000 9 1.00
408,00 G.2-5 0 1,00
460,000 G,2-8 0 1.00
24,000 G.2-8 c 1.70
25,000 g, 2-8 c 1,70

1. This tabie pressnts sstisated costs to the Ganersl Cantractor

as of mid-1887,

2, Coste Jdo not inciude Ganaral Contrector ovarchead & profit,
cantinpgency, enginsaring & construction surveillsncs, aor
quality control/quatity assurance testing.

3. Estimated 35% reduction sfter 30 deys of tresstcent

Cost

14,000
22,000
153,000
37,400
102,450

32,840
18,000
4,100
537,010
740,000
S0¢,000
150,000
2,782,500
480,000
489,800
689,000
750,000
224,300

$3,6815,000

Notes

Tranted/Stabilized
Trested/Stabilized

Stebiilized

Sludge pumping
Excevate & haul
Vandar eastimsts

011213

Vendor astimste
Vendor estisate
Venror sstimate
venowm < %imste

Residus & affectad goil
Allonanrce

Roundsd ta thoussnde
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L]
375 OPTiOnE 5.1-7
INCINERATE $L000E
SHERTOAN BISPOSAL E1T.
Ravisndi 3 July 1I6E
Lnit | Protegtivg Lybor
Ites Cedcreption Suartity  Units ot Maf,  Llever Ty Caat Rotes
Oanign asste voluss 44,600 <y Bivdge * pond sult
Casign snste BTV 149,800 etl STV
Thersl tepacity 20 wil 8YWhr .
Uit tretter s
Yiza te 1nzsnarste 2.7 yr
Incinaratar ¢sh 12,000 cu yo
CAPTTAL OCETS)
Katursi gss plpelire . $EE,000 2% (tne, Y2 m,
Fead praparstion systee 533,000 sue desived chat
laciparstir sres caving 2,000 of 49,30 ¢, -6 ] 1,00 M,000 ercivdas Teed sree
tagineretar foundstian 110,600 Al lowsnce
Parimstue dike 1,000 L 84,00 0,2-1 ] 1,00 H,000  Rgunded
Irum enredder ! 110,000 vendor qucte
Sludge fead pump L Lance 18,000
Soilds fasdar L]
Rotery kiin & drive 450,0C0
Filn bursar wystac 22,000
Teansitlan systes a,006
Esh tamgvgl squlpaent 1 10,000 (T9Y
Aftwrburnar 220,000
Aftacburnar burne® gyster 30,000 [
Eaargarcy vant &0,000
adigbatic jusnch “te,000 2
Vgnturi scrubbar 74,000
Tonf2ing met dcroyter 20,000 -
Caustic systen 20,600
Vein far 20,000 =
Stack & prasfarms ' 60,800
Tere teorx 100,600 0
Structore: & egpcls 'Oa 170,060
flactrical 50,000
IrRtrumgrtgtign Cattrol dnd =acltgring) i * 900,006
- L T ] 106,000
Trial tore [iacl, ian prig. camspiing & arsiyses! 146,50¢
Refraciory raplacecsot {kiin & sfterburnar] 30C, 000
Start-up 16,50
TOTAL INCINCRATI h ZAPITM OOST 5,512,000
NOMAL INCINERRTION CFEMATING D657y
Labor [& wr/neen eechli EFR-S0 #51 TaTeC
Supervigor * € 180,000 G.Z-6 16,500
Mechuric 1 o $44,0C0 56.2-G $44,500
Insirunant Techr-(tar * € 55,000 G,2-6 155 506
Dpmiwtcrs 5 © £38,000 G,2-4 ¥55, 000
AsKt. cperators [2/en173] 1K L 34,080 G,2-6 396 . 000
Lebores 12 3 $25,000 G,2-8 250,100
Chem 18t 2 L] $35,000 6,2-6 170,000
Par Mex ard Expertes a " 816,500 %2,z
Subtotsl Labor §*,254 000
L]
Uttitties (BH70 MrSyrl:
Eimcirictty 4,500,000 e $0.10 $°58,000
’..nl-. _ ﬂﬂtﬂﬂﬁu e LexTErg
Naturet ges [1800 BTU/scf} 145,660 M cef £3,80 G.2-6 37,000 17,502 sefrhe
Sndtum hydros da ac3,00  toe 30D ‘IR,ME 0 140 LbSre
Corpregced al 2,200
Subtotal utiittiee 724,000
Katntarance ¥335 720 6 =T apta
Insutance £50,600 5% of -aprtol
Taxes 6,120 % of cepriat
TOTAL AksyAl [HOIERATICK COST 12,465,000 Poungnc
ToTAL FSTIMATED INCINERATION 0OST §£12,27C 0040 Favndec

ESTIMATEDG THCINERAYLON UHIT IDST

NOTES:

2

1. This tadle prasante estirelsd cpsis La the Geraral Contreciat
g of eid-1887.

2. Costs 4o not 1ncluds wensral Contractor svechasd & profit,
contingancy, anginsaring & construction survetllance, or
quality control/gqusltty ossursnca teating.




8375 CPTIONS G.1-8

LINER
SHERIDAN DISPOSAL SITE
Agviseds 15 July 1988

Unft Protective Labor
{tem Quantity Units Cast Ref, Level Factor Cost
SOIL MIXING LINER
Bottom linar 23,000 sf $8,38 G, 2-4 8] 1.00 3,328,895
Side tiner 261,000 sf 15,50 5,2-4 1] 1,00 1,435,210
Laachate handling fscilitias 30,000 b 1.00 30,000
Tatel Estimstad Liner Cast - Soil Mixing 84,791,000
STABILIZATION LINER
Design volume—stabilization 53,000 cy
Height of (insr 7.8 ft
Bottom lenth 208 ft
Bottom Lina: 1,808 of 8,38 G,2-4 0 1.00 520,830
Side Liner 27,800 of %,50 g, 2-4 g 1.00 152,089
Leachste handting facilities $30,000 0 1.00 3o,000
Totel Estimgted Liner Cost — Stabilizetiun 704,060
BIOTREATMENT LINER
Ossign volume—biotrestasnt 39,000 cy
Hetight of liner 7.5 ft
Bottom lenth 242 ft
Bottom liner 58,800 of $5,38 G,2-4 D 1.00 372,664
Stide Liner 23,800 14 %5.,50 §,.2-4 b 1.00 430,874
Leschate handling facilitiss $30,000 0 1.00 30,000
Totel Estimated Linar Cogt - Biotrastment $534,000

NOTES!

1. This table presants ectimated costs to the Gsnaral Cantrasctor
as of mid-1987,

2. Costs do not includs Ganeral Contractor averhsed & profit,
cantingancy, enginesring & construction surveillance, or
quality controi/quality assurance testing.

Notes

Aligwance

Rounded

011216

Allowance

flounded

Al lowance

Roundad




8375 WNIY OSTS

DERIVED UNIT COBTH
SHERIDAN DISPOSAL SITE
Ravissd: 20 July 1988

Item

Capt
Vegetation
Topsoii
Compacied claysy sofl
Gae collection systes
Finish grading

Cap lnit Cost

Soi | Cover Capt
Vegetatian
Tapsotl
Compactad clayey soil
Finish grading

§nil Favar Cgp Unit Cost

Dika, Externai, 12' higha
Haight
Crown Width
Cuter Glope [run t ries)
Inner Slope (run 1 rigej
Total volume
Voiuma of topeoil
Voluma of cleyey soil
Vagstattion

External 12' 0iks Unit Cost

Oika, Internal, 12' highs
Helight
Crown ¥Width
Quter Slepe (run § rise)
Inner Slops (run I riga)
Total volume - claysy soil

internsl 12' Dike Unit Cast

@y ~t
Unit
Quentity Units Cost
1 .U .f/‘f ‘0.05
1.0 fe/ef 20,44
3.0 re/et 90,30
1.0 sof/ef 90,20
1.0 at/st 0,14
sf
&ay
1.0 of/af 40,05
1.0 ft/ef 20,44
1.0 fu/sf 90,30
1.0 of/ef .11
sf
-1
12.00 ft
B.m ft
3.00 fu/fe
3.8 fuft
19,30 cy/Lf
1.70  cy/Lf $12.00
17.80  ey/Lf 4,50
48.00  ef/Lf 0,05
Lr
eay
12.00 ft
8.0 ft
2,00 fe/re
2.00 ft/ft
14,20 ey/Lf $4.50
Lt
say

Coet

%0,05
0.44
0.88
0.20
0,114

.69
81,70

40,05
0,44
0,30
0,11

$0.90
46,90

20,40
80.55
2.30

$143.25
$103.00

$63,.90

453,80
484,00

Notes

1" thick

011217
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B375 UNIT COSTS

OERIVED UNIT COSTS
SHERIDAN DISPOSAL SITE
Revigeds 20 July 1988

Item

Oike, Intsrnal, 8' highs
Height
Crown Width
OQuter Slops {run 1 rige]
Inner Slopa (run & rise)
Total volume — clayey soil

Internal B' Dikes Unit Cost

Dikey, Run-0n Control, 3' highs
Height
Crown Width
Quter Slops (run 1 rige)
Inner Slope {run ¢ rias)
Totsl volume ~ cleysy soil
Si{dp diiches

Run-0On Cantroi Dike Unit Cost
Fotable Water Supply:

Well, 4" diemstar

Submersible pump

Geologist

Subtotal (1 well}
Piping, etc

Potable weter supp , coet

Ga2-2
unit
Guentity Unite Cost
8,00 ft
12,00 ft
2.00 fuv/re
2,00 ft/re
8,30 cy/Lf 4,50
84
ey
3 QU’D ft
4,00 147
2.08 fr/ft
2,0 rft/re
1 -10 cvf Lf “.50
1.00 L Lr 0,12
Lt
cay
400,00 ft 40
say

Cost Notes

Biotrestaent basin

$37.36

937,38
$37.00

011218

84,56
0.12

6,07
6,10

#6,000 Drilitng & materis
5006
1,000
$17,500
50,0080 Allowance

487,608
483,000




B375 UNLIT COSYS

DERIVED UNIT COSTS
SHERIDAN DISPOSAL SITE
Reaviseds 20 Juiy 1888

Item

Nonm—potable Water Supply:
Wall, 4" diameter
Subasrsible pump
Geclogist

Subtotal

4 welis
Piping, atc

Non-potable watar supply cost

Heul Roads, 12' widas
Fill
Grading

Haul Road Unit Coset

Meintanance Roada, 12' wides
Grevel
Fili
Grading
Ditchas

Maintanance HAoad Unit Cooat

Qfr-gite Transportation
iLoadad miles
Pay load
Incinerstor ash

Rastorstion of Disturbad Areas:
Tammmil (B Lavan?
A e TS LY RO
“eading
Sued and fartilize

Rastoration Unit Cost

G.2-3
imit
Quantity Units Cost
100,00 ft $40
X
2,00 cy/if 4,50
12,00 ef/Lf $0.08
%
say
0,30 cy/Lf $18.00
2.00 cy/Lf 84,50
12,00 af/if 0,08
2.00 Lf/Lf w12
Lr
say
85,00 wi/load 3,00
20 ton/ioad
18.50 cy/load
810 cy/ac $12,00
43,660 &f/ac 406,08
43,660 sf/ec 80,08
ac
say

e ki)

Cast

44,000
500
1,000

45,500
4,00

$22,000
50,000

$72,000

49,00
0.72

$9,72
49,70

6,40
8.00
0.72
.24

$15,36
$15,44

$265
$2,75
#3.78

18,720
<818
2,183

4,522
$14,500

Notes

Drilling & watsriat

Al lowsnce

011219




8375 UNIT Q0STS

DERIVED UNIY COSTS
SHERIDAN DISPUSAL BITE
feviseds RO July 1988

Sotl Mixing (611}
Design waste quantity
Asstmed working sres
Spread Till soil (uncompacted)
Transfer wasts to bulking ares
Number of Lifta [6" thick])

Titling
Compaction

Total

Sail Mixing Unit Coet (Bi1]
Volume of ccompacted, bulked soil

Soil Mixing [211)
Geawign wasts juantity
Assumed working ares
Spresd fill scil [uncompacted)
Transfer wasta to bulking ares
Number of Liftas {8" thick]

Titling
Compaction

Tatal

Soil Mixing Unit Cost [2:1]
Voiume of compacted, bulkad soil

Quantity Units

$816,000
102,000

sc-evant 58,700
cy 148,000

$1,.084,000

per cy raw wasta 32
Cy par cy wecta

10,060

13.00
20,000 $80,000
10,000 56,000

3.00

120.00 ac-avant 7.560
30,000 cy 15,000

$158,000

per cy raw waste $15.80
Gy pef cy waste

Sludge

Assumed pumspable
Uncompected B spread
over working area

3 tillinge/Lift

Roundad to thaousands

Rounded to dollars

1.3 compsction factor

Potentielly ~rfarted
pond soii

Excavate & haul

Uncompacted 6" spread

over working area
3 tillinge/Life

Raundad ta thousands

1.3 coapactiaon factor




BA7S UNIT COSTS

CERIVED UNIT COSTS
SHERIDAN DISPOSAL SITE
Faviceds 20 July 18968

Quantity Units

Soivent Extraction Feed Prepsration System:
5000 gal. holding tanks w/ mixer 6.00 $14,000 $84,000 Voi, based on 1000 drums
Fraparation ares paving 5,000 $4.00 23,000
Curbing {8" high) 300 $8,.50 2,650
Cutterhesd dredge 68,008 Vandor ballpsrk quote
Liquid pumps 4,00 $6,000 20,008 Allowance, inc, 2 yr meint,

Solvent Extraction Feed Prepsration System Cost $188,000 Rounded to thousands

NOTES:
1. Thia table precants acstimated unit coats to the Genaral Contrsctor
ae of aid-1887, using ievel D [bssic} personnel protecticn,
2. Coets do not include Genaral Contractor overhgad & profit,
contingency, enginesring & construction surveillance, or
quality control/quality assurence testing,

011221

Tnginarotion Faad Broparatian Systam?

12,000 gsi, blending tanks w/ mixer 3,00 $22,000 58,000 Mixer $8000, tank $1/gal,

Preparation area paving 40,0800 $4.80 184,000 150' square

Curbing (8" high) 4,000 $9.50 9,500 perimeter + 2 solids work
aress 20' square

Loadar for solids handling 77,000

Salids hopper—conveyor 33,000 Altowance per EPA cost figure
Cutterhead dradge 86,000 Vendor balipark quote

Studge pumps 3,00 15,000 Allowanca, inc, 2 yr maint,
Liquig pumps 4,00 20,000 Allowancae, inc, 2 vr maint,

Incinaration Fead Preparation Syctem Cost $665,000 Rounded to thousands

NOTES:
1. This table presants eatimated unit costs to the General Contractor

se of m1d-1987, using Lavel D (basi{c) personnsl pretaction,

2. Costa do not include General Contractor ovarhoad S profit,
contingency, angineering & conetruction survetillance, or
quality control/quatity assurance testing.

l 5000 gsl, holding tenke w/ mixapr 6,00 $14,000 484,000 Vol. based on 10ul druna




8375 UNIT COSTS G.2-6
QERIVED UNIT COSTS
SHERIDAN DISPOSAL SITE
Revised: 20 July 1988
Unit
Item OQuantity Units Cost
ACRA Double Liner {sand):
Sand Layer (1 ft) 1 cf/sf 80,52
Collect’on pipe o,08 \f/sf $2.75
HDPE Llinar 1 sf/sf $0,75
Sand Layer (1 ft) 1 cf/ef 80,52
Cotlection pipe 0,08 Lt/sf $2.75
HDPE Liner 1  af/sf 90,76
Cley Liner (3 ft) 3 cffsf 0,30
Grads cley Liner {rough, final) 1 sf/sf 2,61
RCRA Doubte Liner {sand]} Cost sf
ACRA Doublie Linaer (geofabric)?
Geofabric [Type 1] 1 sf/sf $0 .40
Gaogrid sf/ef $0,45
HO"E Liner 1 sf/sf 80,75
Geog.ic % il wi 3.
HDPE (iner 1 sf/sf 8,45
Clay liner [3 ft) 3 cf/sf $0.,30
Grade clay Liner [rough, finat] 1 sf/sf $2,61
RCRA Double Liner [gecfabric] Cost &f

Cost

Nctes

$0.52
$0.18
$0.75
80,52
$0,18
$0,75
$0.88
12,61

35.36

$0,40
$0.00
$0,75
$0,40
$0.45
$0.89
$2.61

$5,50

011222




B375 LUNIT COSTS

BASIC UNIT COSTS
SHERIDAN DISPOSAL SITE
Revisad: 6 May 1988

ITEM Unit Cost Units
OPERATIONS {lLabor, Materiols & Equipment]s
Excavetion:
Excaveta & Load clean soil $2.,50 cu.yd,
Excavate & Load weste -oil 3,00 cu.yd,
Hauling (On-Sitels
Sott $2,00 cu.yd,
Waste 2,50 cu,yd,
Siudge [pumping} £3.00 cu.yd.
Placemsent/Grading:
Placament $1.00 cu,yd,
Compaction 90,50 cu,yd,
Raugh grading $2,50  cu.yd.
Final grading of ¢lay Liner 80.11  sq.ft.
Finish grading $0.08 ©8g.ft.
Waste Opsrations:
Stabilization $686,00 cu.yd.
Volume incresse with stabilizetion am
Fluid sludge volume increasc a0%
Land trastsents
Titling $83 ac-event
Fertitizer & pH adjustmant 8500 ac/yr
Sludge injaction 42,00 cy
Waste soil incorporation $1.70 cy
flemove and handle dr ims?
Intact — incinsration alternatives #1140 drum
Intact - other slternatives 600 drum
Aupturad drums — all alternatives 5 deum
Off-aita agh landfill dispoeal 80,08 tb
Jatty Systamg
Canetructian $450,000 1.3
Maintensnce $20,000 yr

pLaisLadiotiie g Rare

Ged~7

011223




B37S UNIT €0STS

BASIC UNLIT COBTS
CHERIDAN DISPOSAL SITE
Revieed: 6 May 1916

ITEM Unit Cost Units

Othars:
Sesd & fartiliz~ — initial 0.06 &g.ft,
Saed & fartilize - maintenance %0.07 sq.ft,
Sita maintenanca 75 ac-yr
Evaporation systam operstion 840,000 yr
Sturry Wall $% sq,.ft,
Tranch excavation & backfill $0.64 Lin,ft,
Diteh construction $0.12 Llin,ft,
Cap msintensnce $126 ac-yr
Ground water monitoring, 12 walls £38,200 avent
Stormwater monitoring §7 600 evant
PLug existing monitor wells $1,500 aach
Hai~r weil inztzllstion $40 fe

MATERIAL S

Soits (in place):
Cilay, site sourcs, recompactad $8.00 cu,yd,
Sand, purchesad [drsinage layers] $14,00 cu,.yd,
Ciean fill - dikee 5,00 cu.yd.
Ciean fiilL ~ other {compactod] 34,50 cu,yd.
Ctesn fill — uncompacted $4.00 cu.yd.
HOPE Liner, 60 mil $0,75 ag.ft,
Geofebric $0,40 eq.ft,
Geogrid $0.45 ag.ft.
Topsail, purchased 12,00 cu.yd,
Topsuli, on—elte source 34,50 cu,yd,
Pea graval, purchssed $33.00 cu.yd.
Road gravel, purchseed 48,00 cu,yd,

011224




B375 UNLIT c08Ts G.2-9

BASIC UNIT COSTS
SHERIDAN DiSPOSAL SITE
Revisedt 6 May 1988

1TEW nit Cost Units

Piping & Connactionss

HOPE pipa, 2% $2.50 tin,fr,
HOPE pipe, 3", parforated $82.75 Llin,ft,
HDPE pipa, 4" $2,85 lin.ft,
HDPE pipe, 8" 44,00 lin,ft, w0y
HDPE pips, B" $6,33  Lin.ft,
VG pips, 4" 48,43 Lin,ft. N
PVC pipe, BY 29,65  Llin.ft, N
PVC  pipe, 8" $12,87 Lin,ft, <
Concrete Dreinnge Intets 1,200 each o
Concrete drain pips, 18" $15  Lin,fTt, o
ki .
CunLrals bouby 87 Lhick ¥i,0%  slft.
Cancrata curbing, 8" high 19,50 Lin,ft,
Fencing $7,40 Llin.ft,
Pavemant [romds & process areas) $1.30 sq.ft,
Ground water monitoring well $3,500 each
Lysimatar 42,000 aach
Leachate/runc 't collection sumpa #4,000 asch
NATURAL GAS 3,80 M gcf
POWER 1,25 kwh
LABOR:

(NOTE: Annusl ratss ars for full—time projsct employess.
Hourly rates are subcentractor rates. Both inciude fringe benefits,]

Project Director 80,000 annual
Sugervigor/Foreman $35.00 he
Supervisor $80,000 annual
Labor Foraman 428,80 hr
Instrumant Tachnician 55,000 annual
Mechanic 844,000 annual
Chamiat 335,000 annusl
Tachnician £30,000  annual
O;.arator 830,45 he
Operator 36,000 annusi
Agsistent Opacator ®e,a80 annual
Laborar $23.65 he
Laborer 825,000 annuat
Haslth & Safaty 0fficer 845,000 asnnual
Site Security $13.00 br




B37E  UNIT COSTS

BASIC UNIT CDSTS
SHERIDAN OISPOSAL SITE
Rsvised: 6 Hay 1088

ITEM Unit Cost Units

MULTIPLIERS FOR PROTECTIVE LEVELSS
Laevel B a.80
Level 8 air & C auit {8/C) 5.75
Level C 1.70
tevel D 1.00

MACHINERY:
Cump truck, 12 cy $51,000  annual
Excavator, 1.5 cy $100,000 annual
Front—end tosdsr, 65 hp $38,000 agnnusl
Dozer, 200 hp $120,000 annual
Water truck, 5000 gal. cap. $25,000 annuail
Sackhoe, 2 cy teen dew

l NOTES:

011226

1, This teble presents egtimated unit costs to the Gensral Contractor
as of mid-1967, using Level O [basic) personnel protecticn.

2, Costs de not {nctuda Ganaral Contrsctor overhead & prafit,
contingency, enginesring & construction surveillance, or

guality control/quality smeursnce testing,




